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SECTION 1

EXECUTIVE SUMMARY

In order to monitor for environmental degradation which may have resuited from past work practices
at Rocky Flats Plant (RFP), it is necessary to know the chemistry of environmental materials from areas near
the plant which are undisturbed by plant operations These undisturbed, or background locations are
characterized by analyzing environmental matenials collected at a number of representative sampling sites.
The resulting chemical data are summarized by statistics which provide a basis for comparison with chemical

results from non-background areas of RFP to help identify and assess potential environmental contamination

This report describes and summarizes background geochemical data collected during calendar year
1989 under the Background Geochemical Characterization Program at RFP It incorporates data that were not
available for the draft report delivered to the U S Environmental Protection Agency (EPA) and to the Colorado
Department of Health (CDH) on December 15, 1989, and includes two addtional quarters of ground water data

and seven additional rounds of surface water data

The geochemistry of surface water, stream sediments, ground water and borehole materials are
discussed in the report  The samples were collected at stations located in Buffer Zone areas west, north and
south of the main plant The samples were analyzed for chemical constituents including radioactive isotopes,
EPA target analyte list (TAL) metals, major anions and indicator parameters such as pH, specific conductance

(SC), and total dissolved solids (TDS)

Chemical data for each sample medium are classified into groups by geographic location (all media)
and by Ithology (ground water and boreholes), and summary statistics are computed for each group
Statistical methods used to define the groups include multivariate analysis of variance (MANOVA), parametric
and non-parametric analysis of variance (ANOVA), multiple comparisons testing, and tests of proportions The

application of each statistical procedure is discussed in this report Various summary statistics are computed

Final Background Geochemical Characterization Report December 21, 1960
Rocky Flats Plant, Goiden, Colorado Page 1-1
og&g\bhp_dehom\doc\}ob-t ~ L R -

ks abade



for each chemical data set within each group including mean, standard deviation, upper tolerance limit (upper

and lower for pH), maxamum concentration, sample size, and percentage of detectable concentrations

As presented in the Background Geochemical Characterization Plan (Rockwell, 1989), tolerance
intervals are the principal statistics used to characterize the chemistry of background stations at RFP
Tolerance intervals are computed assuming normality or lognormality for chemicals that have greater than 50%
detectable (above detection hmit) concentrations, and a minimum of four detectable concentrations The
maximum detected value and other descriptive statistics are provided when there are insufficient data to

calculate a tolerance interval

Ground water samples collected from wells completed in Rocky Flats Alluvium, valley fill, colluvium, and
weathered and unweathered bedrock were compared with each other Wells located in North Rocky Flats were
compared against wells from South Rocky Flats (The ground water divide between the Walnut and Woman
Creek drainages separates North and South Rocky Flats) Similarly, borehole samples from the different
Iithologic units present at Rocky Flats were tested against each other Surface water and sediment samples

collected in North Rocky Flats were compared with samples from South Rocky Flats

The majority of chemicals for which more than 50% of analyses were above detection in ground water
samples, show a statistical difference in chemistry between the Ithologies in which the wells are completed
Rocky Filats Alluvium, colluvium, valley fill alluvium, weathered claystone, weathered sandstone, and
unweathered sandstone However, except for chloride, geography does not influence ground water chemistry

Tolerance intervals and summary statistics are computed for each distinctive ground water-bearing unit

For surface waters, North and South Rocky Flats differ only in Ca, Li, and Na concentrations All other
analytes have similar concentrations in the surface water from both locations so that only one set of tolerance

intervals and summary statistics is computed

Final Backgr d Geochemical Ch rization Report December 21, 1980
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All chemicals in sediment samples show no statistical difference between North and South Rocky Flats,

s0 one set of statistics is calculated per analyte for the entire RFP

Rocky Flats Alluvium borehole materials are chemically different from all other units  Coliuviumn, valley
fill and weathered bedrock are chemically similar and are therefore combined into one lithologic group In
addition, samples from boreholes drilled in North and South Rocky Flats appear to be statistically different in
the mean concentrations of Ca, Cu, Cr, Hg, Li, Mo, Ni, Pb, Sn, V, Zn, and nitrate/nitrite  All other analytes in

borehole materials are similar between North and South Rocky Flats

Ongoing hydrogeological investigations suggest that ground water at Rocky Flats may consist of an
upper and a lower flow system In terms of major ion chemistry, background ground water can be classified
into an upper flow system comprised of Rocky Flats Alluvium, valley fill, and weathered bedrock, and a lower
flow system in unweathered sandstone Geochemical plots (Stiff and Piper diagrams) of ground water major
1on chemistry indicate that unweathered sandstone ground water is more concentrated in sodium, potassium,
chloride and sulfate relative to the other groups, which are primanly bicarbonate to calcium bicarbonate waters
Tolerance intervals and other descriptive statistics are also presented for upper and lower flow system ground

waters

The quality of the ground water chemistry data appears to be good, as indicated by small cation versus
anion charge balance errors, averaging only two percent However, a relatively poor correlation exists between
specific conductivity (SC) and total dissolved solids (TDS) The equipment used to measure SC at field

sampling locations in 1989 may be responsible for the poor correlation and has since been improved

Background surface water has low total dissolved solids (TDS) contents and the concentrations of
major constituents tend to increase downstream In contrast, surface water collected at seeps (where ground
water emerges) contains higher TDS concentrations, possibly because the emerging water may have had a

longer residence time in contact with rock units
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. Strong correlations exist between total suspended solids (TSS), total metals, and total radionuclides
at two seep stations, SW080 and SW104 Inconsistent sampling techniques may have disturbed the organic
and clay-rich sediment at the sites causing the elevated TSS and element concentrations Chemical analyses
of dissolved (water sampiles filtered in the field) constituents and of sediment samples from the same locations
do not indicate elevated metal or radionuclide concentrations relative to the other stations EG&G is

investigating new sampling techniques to minimize sediment disturbance during sampling at seep locations

It is possible that surface water and ground water chemical concentrations may be influenced by
seasonal variations (seasonality) Seasonality effects are not evaluated in this report because only one year

of background data has been analyzed, and at least three years of data will be required for such an evaluation

| Data from non-background areas may be compared against the tolerance intervals and other statistics
presented In this report to help identify potential areas of chemical contamination from RFP Analysis of
. variance, or test of proportions techniques may be used to compare background and non-background data

where tolerance intervals are not appropriate

The Background Geochemical Characterization Report 1s viewed as a living document which will
continue to evolve and improve as addrtional background data are collected at Rocky Flats Additional data
will increase the reliability of the statistical conclusions, allow the characterization of seasonality, and promote
better understanding of trace constituent concentrations This long term view should result in the clearest

possible understanding of background chemistry at Rocky Flats
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SECTION 2
INTRODUCTION AND PURPOSE

21 INTRODUCTION

In order to monitor for environmental degradation potentially resulting from work activities at Rocky
Flats Plant (RFP), it is necessary to characterize the chemistry of environmental materials collected from nearby
areas which are undisturbed by plant operations These undisturbed regions are referred to as background
areas The chemistry of these areas is characterized by sampling and chemically analyzing surface water,
stream sediments, ground water and borehole materials at representative sampling locations (see Section 3)
The sampling sites are called background stations, or upgradient locations, and are situated in the buffer zone

west, north and south of the main plant site

Representative background analytical data for RFP surface water, sediments, ground water, and
borehole materials are necessary to support RCRA facility investigations and CERCLA remedial investigations
Background data assist in the identification of potential environmental contamination by defining the spatial and
temporal variability in concentration of naturally occurring constituents Background characteristics can be
compared statistically with data from downgradient sites to determine the likellhood that a particular
concentration of chemicals represents a release Background data generated durng this program are
applicable to RCRA intenim measures CERCLA interim remedial actions (IM/IRAs) so that they are consistent
with the final corrective and remedial actions The final remedial investigation/feasibility study reports and

closure plans will incorporate this background information

This report does the following (1) describes the statistical methods used to define and characterize
background chemical (analyte) distributions at RFP, (2) reports on the first phase of a background
hydrogeochemical characterization conducted in 1989 pursuant to the Background Hydrogeochemical
Characterization Monitoring Plan (BHCMP) (Rockwell International, 1989a), and (3) describes how these

background data may be compared to non-background, or downgradient analytical data

Final Background Geochemical Characterization Report December 21 1990
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This report characterizes the chemistry of borehole materials, stream sediments, ground water samples
collected quarterly, and surface water samples collected monthly It supercedes the draft report submitted
to EPA and CDH on December 15, 1989, by addressing whether statistically significant differences occur
between North Rocky Flats and South Rocky Flats within ground water, surface water, sediments, and borehole
materials The report also addresses whether geochemical differences are discernable between separate,

mappable, geologic lithologies and between the ground water contained within these units

22 BA ROUN

The Rocky Flats Plant (RFP) is a Department of Energy (DOE) facility that manufactures components
for nuclear weapons The Plant fabricates these components from plutonium, uranium, beryilium, and stainless
steel Both radioactive and nonradioactive wastes are generated in the process Current waste handling
practices involve on-site and off-site recycling of hazardous materials and off-site disposal of solid radioactive
materials at another DOE facility Storage and disposal of hazardous and radioactive wastes have occurred
in the past and storage Is occurring on site Preliminary assessments under the DOE Comprehensive
Environmental Assessment and Response Program (now called the Environmental Restoration (ER) Program)

identified past on-site storage and disposal locations as potential sources of environmental contamination

The ER Program is a comprehensive, phased program of ste characterization, environmental
monitoring, remedial investigations, risk assessments, feasibiiity studies, remedial /corrective actions, and site
closures The Program includes CERCLA, RCRA 3004u and RCRA closure projects, and addresses the HSWA
provisions of RCRA and the Colorado Hazardous Waste Act Draft remedial investigation (Rl) and feasibility
study (FS) reports, and RCRA closure plans have been submitted to EPA and CDH However, owing to
aggressive investigation and clean-up schedules, sufficient background characterization data have not been
previously collected The goal of the background geochemical characterization plan (Rockwell, 1989) and of
this report is to provide some of the necessary background data to identify the concentration levels at which

various elements and compounds may indicate contamination at RFP
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Rocky Flats Plant, Goiden, Colorado Page 2-2
aghg\bkgdchem\dec\sso-3 - — . -




23 GENERAL APPROACH

Samples were collected in different locations across the Rocky Flats Property to characterize
background variations within various media surficial and bedrock matenals, stream sediments, ground water,
and surface water In addition, samples were collected within subgroups of some media with different
geological and hydrogeological characteristics For example, ground water was sampled in Rocky Flats
Alluvium, colluvium, valley fill, weathered sandstone, weathered claystone, and unweathered sandstone This
report addresses geochemical differences among the subgroups as well as spatial differences within a sample
medium between North Rocky Flats and South Rocky Flats (see Section 24 1) The following section first
discusses the logic and methods for determining differences among subgroups and between different areas,

and then discusses appropriate statistical methods for comparing background and non-background samples

2.4 STATISTICAL APPROACH AND METHODS

A major goal of this report 1s to establish tolerance intervals and other descriptive statistics for
chemicals whose concentrations have been measured in environmental samples collected at background
locations at Rocky Flats Future monitoring activities will use these background statistics as an aid in

dentifying potential chemical releases to the environment

All of the statistical computations presented in this report were performed on microcomputers using
the commercially availlable, SAS statistical software package, release 6 03 (SAS Institute, Inc, Cary, NC)
Probability plots, histograms and scatterplots were aiso prepared using GEO-EAS, a geostatistical software

package, version 12 1 (EPA, 1988)
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241 Comparisons Between Groups

In preparation for the determination of tolerance intervals it is desirable to classify the chemical data
into logical groups by sample medium (stream sediment, surface water, ground water, borehole matenals) and
then to test for statistically significant differences in geochemistry among the members of each group Analysis
of varniance (ANOVA) and multivariate analysis of variance (MANOVA) techniques are used for this purpose
Figure 2-1 outlines the logic and the statistical methods used to identify statistical differences between the
groups The classification variables of interest in the present study are spatial location, geologic formation, and

date of sampling or seasonality

The background sampiing stations for all environmental media collected at RFP are associated with one
of three drainage basins Rock Creek, Walnut Creek, and Woman Creek (Plate 1) For this reason, the spatial
variable was envisioned as a comparison of analyte concentrations between the three drainage basins
However, data were collected in 1989 for only one background station in the Walnut Creek drainage
Therefore, Walnut Creek data were combined with data from the Rock Creek stations to create a “North Rocky
Flats* versus "South Rocky Flats" spatial vanable The north-south boundary is defined as the hydrologic
ground water divide between the Walnut and Woman Creek drainages and is drawn on Plate 1 based on

currently available hydrologic data

Geologic unit or rock type (Iithology) Is used to classify samples of borehole materials (rock cuttings
and soily Ground water samples are also classified by the geologic unit in which the well is screened For
example, Rocky Flats Alluvial ground water This variable can aiso be viewed as a surrogate for the third

spatial dimension in wells and boreholes

Water chemistry may change seasonally with changes in weather and hydroiogy For example, spring
runoff and summer thunderstorm events are likely to have an effect on surface water chemistry Insufficient

data are available from 1989 to demonstrate or model seasonality effects at RFP it is anticipated that three
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years of quarterly, or monthly sampling data will be required to adequately address the effects of seasonality

on the background chemistry statistics

The desired approach is to use these classification variables in four separate MANOVAs, one per
sample medium, to test the null hypothesis that there is no significant difference between the linear combination
of mean chemical concentrations when they are compared across each classification variable For example,
using the geologic classification vanable, the linear combination of mean concentrations of analytes in Rocky
Flats Alluvium may be compared to the mean analyte concentrations in colluvium If the null hypothesis (of
equality) cannot be rejected, then the data from both Rocky Flats Alluvium and colluvium are considered to
be similar The data may then be combined for use in the calculation of a single set of tolerance intervals
However, if MANOVA indicates a statistically significant difference between Rocky Flats Alluvium and colluvium,
then ANOVAs and multiple comparnison tests are calculated for each individual analyte to identify specific
differences between the two groups Depending on the results of the ANOVAs and multiple comparisons,
either all samples of Rocky Flats Alluvium and colluvium are considered to be similar and part of the same

population, or they may differ for all or a subset of analytes

Before MANOVA is invoked, the data are examined for outliers, rejected data are excluded and treated
as missing values, and resuits below the detection imit (nondetects) are transformed to half the detection limit
for the analyte (Figure 2-1) Nondetect concentrations provide information that an analyte is not present above
the detection hmit, but may be present at a concentration between zero and the detection mit Thus
nondetect data are not ignored, but are used along with above detection imit data (detects) in statistical tests
When used in means, standard deviations and statistical tests relying on the magnitude of a concentration,

each non-detect is replaced in the calculation by half the actual detection limit

As shown on Figure 2-1, analytes will ordinanly be included in a MANOVA when they have greater than
50% detectable concentrations, when n>10, and when they appear to be either normally, or lognormailly
distributed as inferred from inspection of probability plots, or from the Shapiro-Wilk test An exception may

be made to include analytes of special geochemical significance in MANOVA procedures when they contain
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more than 40% detectable concentrations When an analyte appears to be lognormally distributed, the log

transformed data will be used in the MANOVA

The present study examines the distributions of the data using a variety of techniques Probability plots
and the Shapiro-Wilk test are used to check normality assumptions The Kolmogorov-Smirnov test and the
chi-squared test are also used EPA (1989) presents the viewpoint that parametric procedures such as ANOVA
tend to be robust with respect to departures from normal distributional assumptions, and they favor the use
of parametric methods over weaker nonparametric methods uniess the data are shown to clearly violate
normality assumptions It should also be noted that EPA (1989) does not advocate wide scale testing of
normality assumptions, but favors the application of parametric methods using either untransformed or log

transformed data

Normal distributional assumptions actually apply to the errors (residuals) in an analysis of variance
procedure (EPA, 1989) In ANOVA the residuals are the differences between each observation and the group

mean Thus, normality tests may alternatively be run on the residuals from an ANOVA

Tests for normality (Shapiro-Wilk) and for homogenerty of variances (Bartlett's test) are performed at
a 5% level of significance on the untransformed or log transformed analytical data If the assumptions of
normality are met, and a statistically signficant difference in variances exists, then the variance of one location
or one lithologic group is probably different from the others However, when the normality assumption is not
met and a significant difference in variances is indicated, the test may be detecting anormality instead of

heterogeneity of variances

A third assumption for the use of parametric ANOVA is that of independence The locations of
background mondtoring wells, boreholes, surface water, and sediment sampling stations were selected on
geologic and hydrologic considerations, and by taking into account the geographic layout of RFP buildings,
plant boundaries, and the locations of identified individual hazardous substance sites (IHSS) Therefore, these

sampling stations are not randomly distributed across the plant, but tend to be clustered in several areas (see
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Plate 1) Secondly, samples are not drawn at random from these locations, instead they are sampled
repeatedly on a penodic basis (except for boreholes) Thus it 1s acknowledged that the assumption of
independence can not be controlled for this data If the assumptions of normality and homogeneity of
variances are not met then nonparametric ANOVAs will be performed on the individual analytes Departures
from statistical assumptions can effect both the level of significance (type | error rate) and the sensitivity of the

F-distribution used in the parametric ANOVA (Steei and Torne, 1980)

After testing the assumptions of normality and homogeneity of vanances, MANOVA is performed on
the appropriate data sets (Figure 2-1) As many analytes as possible should be incorporated into MANOVA
regardless of their chemical classification In other words, radiochemicals and major i1on chemistry may be
combined in a MANOVA with trace metals despite the differences in chemistry and reporting units However,
if less than 40% of the total number of analytes are available for a sample medium, then MANOVA will not be
used and ANOVA methods will be performed on individual analytes As is the case for MANOVA, the analytes
used in ANOVAs should still have greater than 50% detectable concentrations and not less than 40% for those

of special geochemical interest (Figure 2-1)

Both parametric and nonparametric (Kruskal-Wallis) ANOVAs are performed, as appropriate, for each
analyte that is not included in the MANOVA and which contains at least 50% detectable concentrations Both
methods should agree when the chemical data are drawn at random from normally distributed parent
populations with homogeneous variances However, the nonparametric test result is relied upon, when there
are departures from the assumptions of normality and homogeneity of vanances Following Figure 2-1, if
ANOVA shows no statistically significant difference between classes for an analyte, then the classes are
combined, else muitiple comparison tests (Bonferron: t-test) are used to explore differences between individual

analytes

As stated above, analytes which have fewer than 50% detectable concentrations are classified using

a test of proportions (Figure 2-1) As in the MANOVA and ANOVA cases, if the test of proportions fails to show
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a significant difference between the members of a classification vanable, then the two groups of samples are

combined

The MANOVA, ANOVA, and test of proportions methods used in this report all involve statistical
hypothesis testing In the MANOVA and ANOVA cases, the null hypothesis under test is that there is no
difference between the mean concentrations of two classes of data being compared In the test of proportions
case, the null hypothesis under test is that the proportions of nondetects are equal between the classes being
compared The type | error rate, or level of significance used for all statistical hypothesis testing in this report
is specified at 5% A type | error is that of incorrectly rejecting a true hypothesis Assuming that a tested
hypothesis is true, the probability that a difference at least as extreme as that actually observed exists, is called
the probability value (P-value) [f the P-value of a test 1s less than 5%, a statistically significant difference is

observed P-values are presented for all MANOVA, ANOVA, and test of proportions results (Section 5)

The failure to reject an erroneous hypothesis is a called a type I error When a hypothesis is rejected
a type Il error can not occur, by defintion However, when a test fails to reject a hypothesis the probability
of having made a type |l error is generally unknown Because of the unknown magnitude of the type Il error
when a test fails, statisticians do not accept the hypothesis as true, but state that the test failed to reject it
Thus, hypothesis testing either rejects the null hypothesis with a known probability of making a type | error,

or it fails to reject t with an unknown probability of a type Ii error

242 Calculation of Tolerance Intervals

After MANOVA, ANOVA, and test of proportions procedures have been used to classify the chemical
data into groups, the next objective is to calculate tolerance intervals and descriptive statistics such as the

mean, standard deviation and percentage of detects

A tolerance interval may be either one-sided, or two-sided A two-sided tolerance interval is appropriate

when a concentration either larger or smaller than background may be associated with a contaminant release
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The only two-sided tolerance interval in this report is for pH because either extremely low or high pH values
may indicate poliution One-sided upper tolerance intervals are appropriate for all other constituents for which
concentrations above background may indicate a chemical release A two-sided interval is defined by two
imits (L1 and L2) where a proportion "p" of the population is contained between L1 and L2 with probability *P*
An upper (or lower) one-sided tolerance imit is defined so that p% of the population is less than the upper limit
L2, or greater than the lower limit L1 Tolerance intervals in this report are specified to contain 95 percent of

the population at the p=95% confidence level (Table 2-1)

Critenia for the use of tolerance intervals based on a normal or lognormal distribution are a 50% or
greater rate of detection among samples (EPA, 1989), and a sample of sufficient size to contain at least four
detectable concentrations (Figure 2-1) When a tolerance interval can not be computed, only descriptive
statistics are reported for the analyte in Section 50 Each analyte should be normally distnbuted to calculate

a normal tolerance interval, or lognormally distributed to calculate the lognormal tolerance interval

An additional complication arises in estimating the mean and variance when the data are assumed to
be drawn from a two parameter lognormal distribution The complication is that the arthmetic mean of the
untransformed data is not the minimum variance unbiased (MVU) estimator of the population mean (Gilbert,
1987) The geometric mean is defined as the exponential of the mean of the natural log transformed data and
might be used in place of the arthmetic mean However, the geometric mean Is itself a biased estimator of
the population mean (Gilbert, 1987) Therefore, in the present report, the mean and variance of lognormal data
are estimated using the MVU estimators described by Gilbert (1987) These MVU estimators are computed
after applying the Cohen (1961) correction (discussed below) for censored data MVU estimators for the mean

and vanance of lognormal data sets are used in tolerance interval calculations and reported in Section §

The lower and upper limits of a normal population tolerance interval are computed as

L1 = x-Ks and

L2 = X + Ks,
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where

x = the mean of the sample population of size n,

s = standard deviation of the sample population, and

K = the normal tolerance factor (dependent on p, P, n and on whether the interval 1s one or
two-sided)

Table 2-1 presents tolerance factors K for two-sided and one-sided upper tolerance intervals at 95%
population and 95% confidence With the exception of pH, one sided upper tolerance intervals (L2) will be

calculated for all analytes

A data set is censored when not detected (ND) observations are present A technique for estimating
the mean and standard deviation of a censored data set was developed by Cohen (1961) and can be used if
the data are normally or lognormally distributed The Cohen method is not applied if a particular analyte has
less than 50% detected values Also, some analytes in samples of water and borehole materials contained
more than one detection imit, complicating or precluding the use of Cohen’s method When applicable, Cohen
revised statistics are used in tolerance interval calculations, and as input in the computation of MVU estimators

When the Cohen method is not applicable, the unrevised mean and standard deviation are used

The Cohen procedure is as follows (Doctor, Gilbert, and Kinnison, 1986)

Let

n = the total number of observations for a constituent,

k = number of actual measurements out of n (excludes nondetects), and

X, = the detection limit of the constituent
Then

1) Compute h = (n-k)/n (the proportion of measurements below the detection limit),

2) Compute x, = (Sum of x, for1 = 1 to k)/k,

3) Compute s*, = (Sum of (x, - x,) fori = 1 to k)/k,

4) Computet = s°,/(x, %)%

5) Estimate Lambda (A) from Table 2-2 using h and t,

6) Estimate the mean and variance of the population from which the censored data
set was drawn by computing
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X =X, - 24 (x,X,)
and s = [s%, + 24 (x,%)]]'"*
For data sets with two or more different detection limits, the average of the detection imits will be used

in place of x,

243 Radiochemist tatisti

In responses to EPA comments on the December 15, 1989 draft Background Geochemical
Characterization Report, it was stated that the final 1989 Background Geochemical Characterization Report
would report radiochemical results that are below the minimum detectable activity (MDA) as censored data,
undetected at the MDA However, upon further review, and for the reasons discussed below, this is no longer

considered an acceptable approach

MDAs are not reported for much of the radiochemistry data collected in 1989 Also, the 1989
radiochemistry data were blank-subtracted, a common practice in radiochemistry  Current EG&G
Environmental Restoration Department guidelines for radiochemical analyses now require that data not be
blank-subtracted However, at the time of writing, information is not avalable to un-correct these analyses
Because of the blank subtraction many of the concentrations are reported as zero, or negative numbers, and

there are no non-detects for this data as discussed below

It must be emphasized that blank subtracted radiochemistry data differ from commonly reported
non-radiochemistry analytes for which the concentrations of non-detects are known to lie between zero and
the detection imit In the case of blank subtracted radiochemistry, inspection of the data indicates that the
magnitude of the minimum detectable activity (MDA) is unrelated to the magnitude of the result (whether it is
negative, positive, or zero) Instead the result is strongly dependent on the magnitude of the blank correction
itself For example, total tritium 1in 1989 surface water data has a concentration range from +980 to -6930
pCi/l, while the MDA values are only 38 pCi/l and 54 pCi/l respectively for these extreme results The large
Final Background Geochemical Characterization Report December 21, 1960
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negative range is probably the resuilt of the blank correction in combination with a large counting error It is
probably inappropriate in this case to simply replace 6930 with an MDA of only +54 pCi/l Negative values
indicate uncertainty in the data, and #t is not desirable to artificially censor a data set with zero or negative
values (Gilbert and Kinnison, 1981) The only restriction is that such data can not be log transformed In the
present study all of the radiochemistry data (including zero and negative values) will be used in computing

statistics

244 Seasonality

If seasonal cycles are present in the water chemistry data it may be necessary to establish tolerance
intervals on a seasonal basis Combining monthly or quarterly data over the entire year will tend to mask any
seasonal effects Seasonality will be examined when sufficient data are available The nine months of avallable
1989 surface water data and three quarters of ground water data are not considered sufficient to firmly

establish the presence or absence of seasonal cycles in ground or surface water at Rocky Flats

245 mparison of Backgr Non-Backgr

Figure 2-2 illustrates the suggested statistical methodology for comparing non-background data with
the background data and statistics presented in this report To make such a comparison, the initial step Is to
locate the appropriate table of tolerance intervals and background statistics in Section § based on the sample
medium, location, and analyte of interest If a background tolerance !imit is presented in Section 5 then each
of the non-background concentrations is simply compared with the limit it should be noted that because the
tolerance limits are designed to include 95 percent coverage as suggested by EPA (1989), even background
data may exceed the upper tolerance limit 5 percent of the time Therefore, a single exceedance of an upper
tolerance limit by downgradient (non-background) data is not by itself firm evidence of a chemical release to

the environment
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‘ Given non-background analytical data, locate the applicable table of background statistics in Section
5 on the basis of sample medium, locathn. and analyte

NO Is the background
tolerance interval

published?

Compare non-background data with
the upper tolerance interval imits
(use upper and lower for pH)

optional I

>50% detected
data in both

background and
nonbackground?

YES

Test proportion of detects Use Cochran's Approximation to
in background versus Behrens-Fisher Students T-Test
nonbackground to compare means
I
| optional {
Compare non-background data with maximum Use ANOVA to test equality of means
background concentration hypothesis If hypothesis is rejected,
then use Bonferroni T-Tests

EXPLANATION

n= background sample size
m= non-background sample size
. p= number of means to be compared in ANOVA
example p=4 might be the background mean
and 3 downgradient wells

Figure 2-2. Methods for comparing non-background with background data
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it is also important to recognize that the natural geochemical evolution of ground water and surface
water chemistry is not yet well understood at RFP Background statistics reported here primanly represent
upgradient or upstream data and may not accurately represent natural changes in chemical concentrations
with distance along the flow path For example, ground water parameters such as TDS are expected to
increase naturally along the flow path and with residence time in the subsurface Consequently, concentrations
of TDS and naturally occurring chemicals downgradient of the plant will possibly be higher than background
concentrations reported herein Section 5 discusses changes in ground water and surface water major ion
chemistry for selected analytes in the background However, a comprehensive summary of the natural
evolution of ground water and surface water geochemistry across RFP is beyond the scope of the present

report

When background tolerance limits can not be computed for an analyte because of insufficient data,
Figure 2-2 suggests alternative methods for comparing downgradient and background data If only one or two
non-background data pownts are available, they can be compared against the maximum background

concentration for the analyte using the tables in Section §

If there are more than a few downgradient data points and more than half of these are below the
detection limit, then it may be appropriate to run a test of proportions such as Fisher's exact test (Steel and
Torrie, 1980) A test of proportions compares the percent detected concentrations in the background group

with the percent detected in the non-background group to look for a statistical difference

When there are more than a few downgradient concentrations for an analyte and it has more than 50
percent detects, the mean and standard deviation may be computed (using Cohen’s method if appropriate)
and compared with the background mean for the analyte in Section 5 If the data come from a lognormal
distnbution the mean and variance should be computed using the MVU estimators described in Gilbert (1987)
The comparison could be done using Cochran’s approximation to the Behrens-Fisher Student’s t-test (EPA,
1989) The background data required for t-testing are presented in the tables of Section 5 and include the

mean, standard deviation and sample size for each analyte
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‘ Analysis of variance (ANOVA) can be used to test the hypothesis of equality between more than two
means if the applicable assumptions are met For example, If sufficient data are available, ANOVA can be used
to compare the background mean with the mean concentrations of an analyte in each of several downgradient
monitoring wells If the ANOVA rejects the null hypothesis, multiple comparison testing (Bonferron t-tests)
should be performed to identify the unequal means Without the comparison testing it would not be clear, for
example, f ANOVA rejected the null hypothesis because of a difference between two downgradient wells, or
between downgradient wells and background The actual background concentration data are required in order

to use ANOVA and may be found in Appendix A
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TABLE 2-1

TOLERANCE FACTORS FOR NORMAL TOLERANCE LIMITS
FOR 95% POPULATION AT 95% CONFIDENCE

n Two-Sided One-Sided
2 37 67

3 9916 7 655
4 6 370 5 145
5 5079 4 202
6 4414 3707
7 4007 3 399
8 3732 3 188
g 3532 3031
10 3379 2911
11 3259 2815
12 3 162 2736
13 3 081 2670
14 3012 2614
15 2954 2 566
16 2903 2523
17 2858 2 486
18 2819 2453
19 2784 2423
20 2752 2 396
21 2723 2371
22 2697 2 350
23 2673 2329
24 2 651 2309
25 2 631 2292
26 2612

27 2595

28 2579

29 2554

30 2549 2220
35 2490 2 166
40 2445 2126
45 2092
50 2379 2065
60 2333

80 2272

100 2233 1924
200 2143 1836
500 2070 1763
1000 2036 1727
infinity 1960
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SECTION 3

SAMPLING LOCATIONS AND SAMPLE COLLECTION

In order to identify possible chemical changes in surface and ground water quality, stream sediments,
and borehole materials due to Plant operations, background conditions are being evaluated in these media
Fifty monitoring wells were installed during this program and nine stations were selected for collection of
surface water and sediment samples (Plate 1) in addition, samples were collected from eighteen boreholes
for chemical analysis Sample sites were selected outside and upgradient of known contaminated areas so
that areas with geological and hydrogeological charactenstics similar to impacted areas on plantsite could be

evaluated

All ground water, surface water, borehole, and sediment sampling activities in 1989 were conducted
in accordance with the ER Program Standard Operating Procedures (SOPs) for Rocky Flats Plant (Rockwell
International, 1989b) Laboratory analyses of the samples were performed following Contract Laboratory
Program (CLP) protocols for the inorganic Target Analyte List (TAL) Details of laboratory analyses for these
and other constituents are presented in the Quality Assurance/Quality Control (QA/QC) Plan (Rockwell
International, 1989¢c) Also presented in the QA/QC plan are the guidelines used during the Background Field

Program for collection of QA/QC samples (field/equipment blanks, and field duplicates)

31 R WATE

Two ground-water flow systems have been identified within the Rocky Flats Plant a surficlal flow
system within the Rocky Flats Alluvium, colluvium, valley fill and weathered bedrock, and a bedrock flow
system within unweathered bedrock sandstones (Figure 3-1)  The most significant hydraulic connection
between the two flow systems is the bedrock sandstone which subcrops beneath surficlal materials The
ongoing geologic characterization program at the RFP is utilizing both borehole and seismic data to construct
accurate representations of the subsurface geology The program has identified several mappable sandstones,
Final Background Geochemical Characterization Report December 21, 1980
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and will more thoroughly address the hydraulic connectivity between the sandstones and the overlying alluvial

materials in the near future

Ground water flow for the surficial and bedrock systems is generally from west to east, although ground
water flow in the surficial system is locally determined by topography Figure 3-2 shows the potentiometric
surface for the surficial ground water system at the RFP for the first quarter of 1990 Inspection of the
potentiometric surface map shows that the southern and southwestern background wells are predominantly
upgradient and sidegradient of the Woman Creek flow system, and that flow is from west to east The northern
background wells are mostly in the Rock Creek flow system, and the flow is southwest to northeast The
aquifer materials in the Rock Creek flow system are Iithologically similar to those in the North and South Walnut
Creek areas, so comparisons can be made between the northern background ground water and ground water

in the Walnut Creek catchment basin

Ground water within the Rocky Flats Aliuvium moves downslope into colluvium and then into valiey fill
Ground water from the Rocky Flats Alluvium probably moves vertically into weathered bedrock and

unweathered bedrock through subcropping sandstones

Samples collected from fifty-one ground-water monitoring wells (fifty wells installed in 1989 and one well
installed in 1986) at the Rocky Flats Plant were analyzed to characterize background ground-water quality
(Table 3-1) Also shown In Table 3-1 are the completion units for each of the background monitoring wells
(The completion unit is the geologic unit surrounding the screened interval of the well, and which yields the
water ) Wells were completed in the alluvium, colluvium, valley fill alluvium, and weathered and unweathered

bedrock A brief discussion of the completion lithologies is presented in Section 3 4 (Borehole Sampling)

A new well numbering system was invoked in 1989 so that each well on plant site has a unique
dentifier Plate 1 shows all of the background wells and their new numbers, and Table 3-1 shows both the new
and old numbers for both wells and boreholes The prefix associated with each well is a locator code that

allows the user to find each well more easily Plate 1 shows the RFP divided into two sets of 4 quadrants each,
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P1-P4, and B1-B4, referring to the Plant and Buffer Zones, respectively The first two characters of each well
or borehole number allow the user to locate the well /borehole in one of the eight quadrants, making it easier

to identify a well among the 346 welis currently on plant site

Results of three rounds of ground water samples are presented in this report Round 1 began on April
4, 1989, and was completed on July 17, 1989, rounds 2 and 3 correspond to the third and fourth quarters of
1989 A total of 36 samples were collected from the fifty-one wells in the first round, 41 samples were collected
in the second round, and 38 samples were collected in the third round (Appendix A) The samples collected
were analyzed for the parameters listed in Table 3-2 Contract Laboratory Program (CLP) Target Compound

List (TCL) organics were not analyzed durnng 1989 but were sampled and analyzed during 1990

Sixteen wells were dry during the Round 1 sampling effort, 10 welis were dry during round 2, and 13
wells were dry during round 3 (Appendix A) A well was considered dry if the water level in the well was below

the base of the screen prior to the pre-sample purge

311 R Flats Alluvial Gr Water

Alluvial ground water was characterized by sampling eight wells installed in Rocky Flats Alluvium during
1989 (Wells B400189, 8400289, B400389, B400489, B200589, B200689, B200789 and B200889), and one well
installed 1n 1986 (B405586) (Plate 1) The wells were installed in two different areas of the Plant Buffer Zone
to examine spatial variability within the same geological unit Wells B405586, B400189, B400289, B400389 and
B400489 were installed in the southwest portion of the Buffer Zone to characterize Rocky Flats Alluvium typical
of the West Spray Field and Woman Creek drainage basin areas Wells B200589, B200689, B200789, and
B200889 were installed in the Northern Buffer Zone sidegradient of the Piant to characterize the same
mappabie geologic untt in closer proximity to the alluvial matenals at the Solar Evaporation Ponds and
Operable Unit 2 (OU2) This report examines whether statistically significant geochemical differences exist
between the northern cluster of wells, and the southwestern cluster even though the wells are completed in

the same geologic untts
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312 Colluvial Ground Water

Ten wells were installed in colluvial materials in the North and South Buffer Zone to examine whether
colluvium geochemistry varies significantly in different areas of the RFP Wells B201089, B201189, B201289,
B201489, B201589 and B205589 were instalied in the North Buffer Zone, whereas wells B301889, B401989,
B302089 and B405989 were installed in the South Buffer Zone (Plate 1) The reasoning behind the location
of these wells is similar to that for locating the wells completed in Rocky Flats Alluvium colluvial wells in the
South Buffer Zone most closely represent wells completed in colluvium in portions of Operable Unit 1 (OU1)
and QU2 that impact the Woman Creek drainage basin, North Buffer Zone colluvial wells most closely
represent colluvial wells at the Solar Ponds, Present Landfill, and portions of OU2 impacting the Walnut Creek

catchment basin

313 \Valley Fill All

Valley fill ground water quality was characterized by sampling nine wells installed in valley fill matenals
in the North and South Buffer Zone areas (Plate 1) Wells B102289, B102389, B202489 and B202589 were
installed at four locations along the Rock Creek drainage, and five additional wells were installed in the Woman
Creek drainage and other unnamed drainages in the South Buffer Zone (B402689, B302789, 8302889, B302989

and B303089) to examine whether the geochemistry of the valley fill material changes across the RFP

314 Bedrock Ground Water

Data for the characterization of background bedrock ground-water quality were collected by installing
and sampling 21 monitoring wells completed in bedrock These wells were drilled in various areas of the Plant
Buffer Zone (Plate 1) following similar reasoning to that presented for the alluvial wells Waells were completed

in three types of bedrock materials weathered claystone, weathered sandstone, and unweathered sandstone

Eleven bedrock wells were completed in the Northern Buffer Zone Five of the eleven wells (B303189,

B203289, B203489, B203589 and B203689) were installed adjacent to the sidegradient northern alluvial wells
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and were completed in weathered claystone The remaining six wells (B203789, B203889, B203989, B204089,

B204189 and B204689) were completed in unweathered sandstones

Ten bedrock wells were installed in the Southern Buffer Zone Three were completed in unweathered
sandstones (wells B304289, B304989, and B405289), five were completed in shallow, weathered claystone
(wells B304789, B304889, B405189, B305389, and B405489), and two (wells B402189 and B405889) were

completed in weathered sandstones

32 SURFACE WATER

Eleven surface water monitoring locations were selected as background stations (Plate 1 and Table 3-3)
Two stations (SW107 and SW042) are located in the Woman Creek drainage upstream of all sites and units
Three stations (SW041, SW080, and SW104) are positioned within tributaries entering Woman Creek from the
southwest Stations SW007 and SW008 are situated near the headwaters of a tributary of Walnut Creek and
stations SW006, SW005, SW108, and SW004 are located along the Rock Creek drainage  Background

locations SW008 and SW042 were not sampled in 1989, but are included in the 1990 sampling program

Analytical data from all four quarters of 1989 is presented in this report Stations were sampled monthly
during 1989, however only one station (SW104) had sufficient water for all 10 monthly sampling rounds The
first round of samples was collected between 2/24/89 and 3/2/89 with nine stations sampled (Appendix A)
Flows for the stations vary seasonally, resulting in dry stations for several of the sites during the summer and
early fall months Flow for station SW041 also varies depending on discharge and irrigation needs supplied
from Rocky Flats Lake, which flows through an irrigation canal at various times during the year and enters a

tnbutary of Woman Creek upstream of SW041 All surface water analytical data is tabulated in Appendix A.

Laboratory analyses on background surface water samples consisted of the parameters listed in Table

3-2 Surface water samples were analyzed in the field for Ph, conductivity, temperature, and dissolved oxygen

(Appendix A)
Final Background Geochemical Characterization Report December 21, 1980
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33 TREAM IMEN

Background stream sediment chemistry was evaluated by sampling 10 sediment monitoring locations
for subsequent chemical analyses (Plate 1 and Table 3-3) These stations are paired with the background
surface water stations descnbed above Stations SED20, SED21, SED22, and SED23 are located in the Rock
Creek drainage, station SED04 is located in Walnut Creek, and stations SED15, SED16, SED17, SED18, and
SED19 are located in Woman Creek These sites were selected as locations representative of sediments

present in the drainages on the plant site where impacts from sites or units are not anticipated

Two rounds of sampling were completed in 1989, sampies were collected between 2/21/89 and
2/24/89 for the first round and between 10/27/89 and 10/30/89 for the second round Samples were
collected during each round from the same locations, and the data is tabulated for round 1 in Appendix A
Round 2 data has not yet been received from the laboratories The background sediment samples were

analyzed for the parameters listed in Table 34

34 BORE AMPLE

Hurr (1976) provides a geologic map and a brief discussion identifying the major surficial lithologic units
in the Rocky Flats area The map shows Rocky Flats Alluvium as the predominant surficial deposit, together
with lesser amounts of valley fill, and minor Slocum Alluvium and Verdos Alluvium Colluvium is not shown on
the map but is discussed by Hurr as the product of mass wasting on sides and at the base of hills and slopes
Rocky Flats Alluvium, valley fill, and colluvium are the predominant surficial deposits at the RFP, so samples
were collected for background characterization from both the borehole material and ground water associated
with these Ithologies Plate 3 shows the surficial geology at the RFP in more detail than is provided by Hurr
(1976) Valiey fill represents mainly reworked colluvium and Rocky Flats Alluvium in the bottom of a stream
channel Sediment samples collected within the active channels represent the valley fill, hence boreholes were
not drilled and sampled within that unt Many of the Operable Unit sites are situated on Rocky Flats Alluvium,

including the Present Landfill, Onginal Process Waste Lines, West Spray Field, Solar Evaporation Ponds, 903

Final Background Geochemical Characterization Report December 21, 1990
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Pad Area, Mound Area, and East Trenches Areas Colluvium also occurs in these investigation areas as well
as in the 881 Hillside Area (OU1) Development of background data therefore required collecting borehole

samples from both units

Bedrock underlies all of the Operable Units at the RFP, and in many instances may be hydraulically
connected through subcropping sandstones and more permeable weathered claystone Hurr (1976) shows
both Cretaceous Arapahoe Formation and Laramie Formations underlying the Plant ste The ongoing
geological characterization is currently revising the bedrock lithological interpretation, so this report does not
distinguish between the Arapahoe and Laramie Formations, but classifies bedrock into descriptive units that
include weathered claystone, weathered sandstone, and unweathered sandstone  Sampling and analysis of
the major bedrock lithologies for background characterization is important for comparison to similar units that

may have been impacted by past contamination

Borehole samples were collected from nine borings drilled in the Rocky Flats Alluvium and nine
boreholes drilled in colluvial materials (Plate 1) Weathered bedrock samples were also collected from the

boreholes drilled in the colluvium to characterize both the weathered sandstone and claystone

Boreholes were drilled and sampled in several different areas of the Plant to address whether or not
each lithologic unit Is geochemically homogeneous across the plantsite Appendix A tabulates both the sample
results and the depths sampled for each borehole, Table 3-5 describes each sample collected, and Section

5 discusses the geochemical results

Boreholes B400189, B400289, B400389, and B400489 were drilled in the Southwestern Buffer Zone and
boreholes B200589, B200689, B200789, B200889, and B200989 were drilled in the Northern Buffer Zone (Plate
1) These boreholes were used to collect soil samples to characterize the geochemistry of the Rocky Flats
Alluvium Background samples from colluvial materials were also collected in both the Northern and Southern
Buffer Zones Boreholes B201189, B201289, B201489, and B201583 were drilled along the Rock Creek valley

walls and borehole B201089 was drilled along McKay Ditch Boreholes B301889, B401989, B302089 and
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B402189 were drilled in the Southern Buffer Zone along the south wall of Woman Creek

Split-spoon, split-tube samples, or cuttings were collected from ground surface to the total depth of
each borehole Composite samples of the borehole material were prepared from each desired interval based
on drilled footages and lithology (Table 3-5) Each soil boring in the Rocky Flats Alluvium extended from
ground surface to approximately three feet below the alluvium/bedrock contact A three-foot (drilled footage)
composite sample was collected at the surface of each borehole regardless of lithology Discrete samples of
borehole material require at least a two foot interval to provide sufficient volume for a complete suite of
analyses Six-foot composite samples were collected from three feet below ground surface to the
alluvium/bedrock contact unless a lithologically distinct layer two feet or greater in thickness was encountered
If encountered, the lithologically distinct layer was sampled A total of 70 samples (excluding field duplicates
and redrills) collected from within the Rocky Flats Alluvium were submitted to the laboratory for chemical

analysis

Sampling methodology for boreholes drilled in colluvium was the same as for the Rocky Flats Alluvium
Boreholes except that these borings extended approximately twelve feet into bedrock so that weathered
bedrock samples could be obtained A total of 28 sampies of the colluvial materials were collected and

submitted for chemical analysis

The weathered bedrock samples were comprised of two six-foot composite samples originating at the
colluvium/bedrock contact As in alluvial samples, discrete samples were collected if a lithologically distinct
layer two feet or greater in thickness was encountered Twenty weathered bedrock samples were collected

for chemical analysis

Samples were submitted to the laboratory for chemical analysis Borehole material samples were
analyzed for the parameters listed in Table 3-6 With the exception of Target Compound List (TCL) organics,
and hexavalent and trivalent chromium, this list includes all parameters for which investigative samples from

the 881 Hiliside, 903 Pad, Mound, East Trenches, Solar Evaporation Ponds, and West Spray Field have been

Fina! Background Geochemical Characterization Report December 21, 1860
Rocky Flats Plant, Golden, Colorado Page 3-10
ea&a\biggdchem\dec\sec-3



. analyzed TCL organic compounds were not expected to be present in background soils and bedrock
materials, and therefore were not selected as analytes A separate off-site investigation is being conducted

to verify the background concentration range of plutonium in surficial soils
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TABLE 3-2

ANALYTE LIST FOR BACKGROUND SURFACE AND GROUND WATER SAMPLES

FIELD PARAMETERS

pH

Specific Conductance
Temperature
Dissoived Oxygen*

INDICATOR

Total Dissolved Solids
Total Suspended Solids*
pH

METALS**

CLP Inorganic Target Analyte List
Aluminum
Antimony
Arsenic
Barium
Beryllium
Cadmum
Calcium
Chromium
Cobalt
Copper
Iron
Lead
Magnesium
Manganese
Mercury
Nickel
Potassium
Selenium
Silver
Sodium
Thallium
Vanadium
anc

Other Metals
Cesium
Lithium
Molybdenum
Strontium
Tin

Final Background Geochemical Characterization Report December 21, 1960
Rocky Flats Plant, Golden, Colorado Page 3-14
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TABLE 3-2 (CONTINUED)

ANALYTE LIST FOR BACKGROUND SURFACE AND GROUND WATER SAMPLES

ANIONS

Carbonate
Bicarbonate
Chioride
Sulfate
Nitrate (as N)
Cyanide

RADIONUCLIDES

Gross Alpha

Gross Beta

Uranmium 233, 234, 235, 238
Americium 241

Plutonium 239, 240
Strontium 89, 90

Cesium 137

Tritium

Radium 226, 228***

* For surface water samples only

** Analysis for total and dissolved metals for surface water Analysis for total (Rounds 1 and 2) and
dissolved (Round 1 only) radionuchdes (except tritium) on surface water Analysis for dissolved
metals and radionuclides (except tritium) only for ground water Analysis for total tritium only in
surface water and ground water

**+  Dacision tree If the Gross Alpha value was = 5 PCi/l then the sample was analyzed for Ra
226,228

Final Background Geochemical Characterization Report December 21, 1960
Rocky Fiats Plart, Golden, Colorado Page 3-18
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i TABLE 3-3
‘ BACKGROUND SURFACE WATER AND SEDIMENT STATION DESCRIPTIONS
FOR
ROCKY FLATS PLANT

Surface Water Sediment
Station Nymber Station Number Location
SWo004 SED22 Rock Creek Drainage
SW005 SED20 Rock Creek Drainage
SWo06 SED23 Rock Creek Drainage
SWo007 SEDO4 Trnbutary of Walnut Creek
Swoos - Tributary of Wainut Creek
SWo041 SED17 Tributary of Woman Creek
SWo42 SED15 Woman Creek Drainage
SW080 SED18 Tributary of Woman Creek (seep)
‘ SW104 SED19 Tributary of Woman Creek (seep)
SwWi107 SED16 Woman Creek Drainage
SW108 SED21 Rock Creek Valley Wall
(near seep)
o
)
|
| B S e tsn Pt oo

‘ 09g\bkgdchem\dec)\sec-3



. TABLE 3-4

ANALYTE LIST FOR BACKGROUND SEDIMENT SAMPLES

METALS

CLP Inorganic Target Analyte List
Aluminum
Antimony
Arsenic
Barium
Beryllium
Cadmium
Calcium
Chromium
Cobalt
Copper
{ron
Lead
Magnesium
Manganese
Mercury
Nickel
Potassium
Selenium
. Silver
Sodium
Thallum
Vanadium
Zinc

Other Metals
Cesium
Lithum
Molybdenum
Strontium
Tin

INORGANICS

Nitrate (as N)
pH
percent solids

RADIONUCLIDE

Gross Alpha
Gross Beta
Uranium 233, 234, 235, 238
Piutonium 239, 240
Americium 241

‘ Strontium 89, 90
Cesium 137

‘ Tritium
Radwum 226, 228

Final Background Geochemical Characterization Report
Rocky Flats Ptant, Golden, Colorado
W\W\M\m
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Borehole
Number

B405189
8405189
8405189
8405189
8405189
8405189
8405189
8405189
8405189

8400289
8400289
8400289
8400289
8400289
8400289
8400289
8400289
8400289

8400389
8400389
8400389
8400389
8400389
8400389
8400389
8400389
8400389
8400389

8400489
8400489
8400489
8400489
8400489
8400490
8400489
B400489
8400489
B400489
8400489
8400489
8400489

Final Background Geachemical Characterization Report

Sample
Number

BH0 1890003
8H01890309
BHO18%0915
BHO1891521
801892127
BHO1893036
8HO1893638
BH01893844
BHO1894448

BH02890003
BH02890309
BHO02890915
BH02891521
81028915210
8H02892130
BH02893036
BH02893642
BHO2894248

8H03890003
8H03890309
84038903090
BHO3890915
BHO3891521
8H03892127
8H03892733
BHO3893339
BHO3893945
BH03894548

BHO4890003
B8H04890309
BHOAB90915
BHO4B90915D
8H04891521
8104892127
8HO4B92733
BHO4893335
BHO4893538
BHD4893840
BHO4BP4L0LS
BHO4894652
BHO4895254

Rochy Fiats Plant, Golden, Colorade
egag\bkgdchem\dec\sec-3

Sample
Late

03/09/89
03/09/89
03/09/89
03/09/89
03/09/89
03/10/89
03710/89
03/10/89
03710789

06/12/89
04712789
04/12/89
04/13/89
04/13/89
04713789
04714789
06/14/89
04717789

04/25/90
04/25/90
04725/89
04/25/89
04/25/89
04725/89
04/05/89
04/25/89
04/26/89
04/26/89

04/28/89
04/28/89
04/28/89
04/28/89
04/28/89
04/28/89
05/01/89
05/01/89
05/01/89
05/01/89
05/01/789
05/01/89
05/01/89

TABLE 3-5
(Continued)

Sample Information

BACKGROUMD BORENOLE SAMPLE INFORMATION

Depth
Increment (ft.)
006 -3 00
360-855
9 60 - 15 &0
15 60 - 20 30
21 60 - 26 50
29 50 - 35 60
35.60 - 37.60
37 60 - 42 60
43 60 - 47 50
000 -300
400 -9 00
900 - 14 90
16 00 - 21 10
16.00 - 21 10
21 10 - 28.70
30 00 - 36.00
36 00 - 41 30
42 00 - 47 20
000 - 300
300 -9 00
3.00 - 9.00
9 00 - 15 00
15 00 - 21 00
21 00 - 27.00
27 00 - 33 00
33.00 - 39.00
39 00 - 45 00
45.00 - 48.50
0.00 - 3.00
3.00 - 9.00
9 00 - 15 00
9.00 - 15 00
15.00 - 21 00
21.00 - 27.00
27 00 - 33.00
3300 - 35 50
35.50 - 38.00
38 00 - 40.00
40.00 - 46.00
46.00 - 52.00
52 00 - 54.00

Lithological
Qescription

CLAYEY GRAVEL

SANDY GRAVEL
GRAVELLY CLAYEY SAND
SANDY GRAVELLY CLAY
GRAVEL

CLAYEY GRAVEL
GRAVELLY CLAY
GRAVELLY CLAYEY SAND
GRAVELLY CLAYEY SAND

SILTY CLAYEY SAND & GRAVEL
SILTY CLAYEY SAND & GRAVEL
SILTY CLAYEY SAND & GRAVEL
SILTY CLAYEY SAND & GRAVEL
SILTY CLAYEY SANO & GRAVEL
SILTY CLAYEY SAND & GRAVEL
SILTY CLAYEY SAND & GRAVEL
SILTY CLAYEY SAND & GRAVEL
SILTY CLAYEY SAND & GRAVEL

SILTY SAND

SILTY SAND TQO CLAYEY SAND
SILTY SAND TO CLAYEY SAND

SILTY SAND
SILTY SAND
SILTY SAND
SILTY SAND
SILTY SAND
SILTY-CLAYEY SAND
SILTY-CLAYEY SAND

SILTY SAND
SILTY SAND
SAND & GRAVEL
SAND & GRAVEL
SAND & GRAVEL

SAND & GRAVEL TO SILTY SAND

SILTY SAND

SILTY SAND

CLAYEY SILT

CLAYEY SILT AND SAND
SANDY GRAVEL

SANDY GRAVEL

SANDY GRAVEL



TABLE 3-5
(Contirwed)
BACKGROUMD BOREHOLE SAMPLE INFORMATION

Sample Information

8orehole Sample Sampte Depth Lithological
Number Nymper Date Increment ($t.) Description
8200589 8HOS890003R 03/08/89 000 -280 SILTY SANDY CLAY
8200589 BH05890003 02/22/89 000 -3 10 GRAVEL
8200589 BH05890308 02/22/89 350 -840 CLAY & SAND
8200589 BH058903080 02/22/89 3.50 - 840 CLAY & SAND
8200589 8H05890913 02/22/89 950 -1270 CLAYEY SAND
8200589 8H05891317 02/22/89 1350 - 17 00 SANDY CLAY
8200589 BHO5891723 02/22/89 17 00 - 23.50 GRAVEL & SAND
8200589 BHO5892325 02/22/89 23 50 - 25 S0 GRAVEL & SAND
8200589 8HO05892530 02/23/89 25.00 - 30 00 GRAVEL & SAND
8200689 8106890003 03/09/89 000 - 19%0 SILT & CLAY
8200689 8H06890104 02/28/89 100 - 4.50 GRAVELLY CLAY
8200689 8HO6890410 02/28/89 450 -9 20 GRAVEL
8200689 8HO06891016 02/28/89 9 90 - 15.90 SANDY GRAVEL
8200639 8406891618 02/28/89 1590 - 17 90 CLAY
8200689 8H06891824 02/28/89 1790 - 23 90 SANDY CLAYEY GRAVEL
8200689 8H06892430 02/28/89 23 90 - 29 40 SANO & GRAVEL
8200789 8HO7890003 03/08/89 000 -2690 SILTY SANDY CLAY
8200789 BHO7890103 03/01/89 1.00 - 2.70 GRAVELLY CLAY
8200789 BHO7890306 03/01/89 300 -6.30 CALICHE
8200789 BHO7890612 03/01/89 6,30 - 10 30 SAND & GRAVEL
8200789 BHO7891218 03/01/89 12.00 - 1770 GRAVELLY SANO CLAY
8200789 8HO7891824 03/01/89 18 00 - 23 00 GRAVEL & SAND
8200789 BHO7892426 03/01/89 264 00 - 26.00 GRAVEL & SAND
8200889 8H08890003 03/08/89 0.00 - 2.10 GRAVELLY CLAY
8200889 BHO8890106 03/06/89 100 - 6.10 SANOY SILT CLAY
8200889 BHO88901060 03/06/89 100 - 6.10 SANOY SILTY CLAY
8200889 8408890608 03/06/89 630 -710 SILTY SAND & GRAVEL
8200889 8H08890814 03/06/89 8.30 - 13 70 SILTY SAND
8200889 B8H08891420 03/06/89 14 30 - 19.30 SILTY SAND & GRAVEL
8200889 BHO8892022 03/06/89 20.30 - 21.20 SILTY SAND & GRAVEL
8200989 8H09890003 03/08/89 0.00 - 2.80 GRAVEL
8200989 BHO9890104 03/02/89 1.00 - 4.00 GRAVELLY CLAY
8200989 BHO98904 100 03/02/89 4 00 - 9.90 GRAVEL & SAND
8200989 BNO9890410 03/02/89 4 00 - 9.90 GRAVEL & SANO
8200989 BHO9891016 03/02/89 16.00 - 14 80 GRAVEL & SAND
8200989 8109891620 03/02/89 16.00 - 18.40 GRAVEL & SAND
8201089 8K10890003 03/09/89 000 - 260 SILTY SANDY CLAY
8201089 BH108901040 03/02/89 100 - 6.50 SILTY CLAY
8201089 8H10890106 03/02/89 100 -650 SILTY CLAY
Final Background Geochemical Characterization Report December 21, 1950
Rocky Flats Plant Golden, Colorado Page 3-19
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TABLE 3-5
(Continued)

BACKGROIMD BOREWOLE SAMPLE INFORMAT1OM

Sampie information

Borehole Sample Sample Depth Lithologrcal
Number Nygroer -Date Increment (ft.) Description
8201189 BN11890003 03717/89 000 - 300 CLAY

8201189 BH11890309 03/17/89 300 - 900 CLAY

8201189 BH1189091S 03/17/89 9 00 - 15 00 CLAY

8201189 8N118909150 03/717/89 9 00 - 15.00 CLAY

8201189 BH11891512 03/17/89 15 00 - 21 00 CLAY

8201189 BH118%92127 03/17/89 21 00 - 27 00 CLAY

8201189 BH11892733 03/17/89 27 00 - 33 00 CLAY

8201289 8H12890003 03/22/89 000 -3 00 CLAY

8201289 B8H12890307 03/22/89 300 - 6.8 SILTY CLAY,
8201289 8112898915 03/23/89 900 - 15 00 SILTY CLAY
8201289 BH12891521 03/23/89 15 00 - 20 65 SILTY CLAY
8201289 B8H128915210 03/23/89 15 00 - 20 &5 SILTY CLAY
B201489 BH13890003 03/10/89 0.00 - 3 00 SILTY CLAY
8201489 8413890307 03/10/89 3.00 - 7 00 SILTY CLAY
8201589 BH14890003 03/715/89 000 - 3.00 SILTY CLAY
8201589 8414890307 03/15/89 3.00 - 7 00 SILTY CLAY
8301889 8H15890003 03/07/89 0 00 - 3.00 SILTY CLAY
8301889 8K 15890309 03/07/89 300 -900 SILTY CLAY
8301889 BH15890915 03/07/89 9 00 - 15.00 SILTY CLAY
8301889 BH15891521 03/07/89 15.00 - 21.00 SILTY CLAY
8401989 BH16890003 04/05/89 000 - 3.00 CLAY & GRAVEL
8401989 8414890309 04/05/89 3.00 - 9 00 CLAY

8401589 BH1689091S 04/05/89 %20 - 1330 CLAY

8401589 BH16891519 04/05/89 16.00 - 19.00 SANDY GRAVELLY CLAY
8302089 BH17890003 03/28/89 0.00 - 2.10 CLAY

8302089 BH17890306 03/28/89 360 -600 CLAY

8402189 8H18890003 03/29/89 0.00 - 0.8 CLAY

8402189 8418890307 03/29/89 3.30-730 CLAY

8201089 BH10890713 03/02/89 7 50 - 13.50 SILTY CLAYSTONE
8201089 BH10891319 03/02/8¢9 13 S0 - 19.50 SILTY CLAYSTONE
8201189 BH11893541 03/23/89 34.50 - 41.00 CLAYSTONE
8201189 8H11894146 03/23/89% 41 00 - 46.00 CLAYSTONE

Final Background Geochemical Characterization Report December 21, 1990
Rocky Flais Plant, Golden, Colorado Page 3-20
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TABLE 3-5
(Continued)

BACKGROLND HORENOLE SAMPLE INFORMATION

Sample Information

Borehole Sample Sample Depth Lithologicat
Number Number Date Increment Des¢ription
8201289 BN12892329 03/23/89 23.40 - 29.40 CLAYSTONE
8201289 8112892930 03/23/89 29 00 -~ 29 90 CLAYSTONE
8201489 BH1389101S 03/10/89 10/70 - 15 00 CLAYSTONE
8201489 81138910150 03/10/89 10/70 - 15.00 CLAYSTONE
8201489 BH13891519 03/10/89 15 00 - 19 20 CLAYSTONE
8201589 BH14890814 03/16/89 820 - 14 20 CLAYSTONE
8201589 BH14891417 03/16/89 14 20 - 17 00 SILTY CLAYSTONE
8301889 BH15892228 03/07/89 22 00 - 28.30 SANDY SILTY CLAYSTONE
8301889 BH15892834 03/07/89 28.30 - 34.30 SANDY SILTY CLAYSTONE
8401989 BH16892127 04/05/89 20 S0 - 26.50 CLAYSTONE
8401989 BH16892733 04/05/89 26,50 - 32.50 CLAYSTONE
8302089 BH17891319 03728/89 13 50 - 19 SO CLAYSTONE
8302089 BH178913190 03/28/89 1350 - 19 50 CLAYSTONE
8302089 BH17891925 03/28/89 19 50 - 25.50 CLAYSTONE
B401289 BH18890713 03/29/89 7.50 - 13 50 CLAYSTONE
8201289 BH12893032 03/23/89 29 90 - 32.00 SANDY SILTSTONE
8201489 BN13890709 03/10/89 700 -9 30 SILTY SANOSTONE
8201589 BN14891720 03/16/89 17.00 - 20.00 CLAYEY SANDSTONE
8402189 8H18891319 03/29/89 1350 - 19 50 SANDSTONE

Final Background Geochemical Characterization Report December 21 1980
Rocky Flats Plant, Goiden, Colorado
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TABLE 3-6

ANALYTE LIST FOR BACKGROUND BOREHOLE MATERIAL SAMPLES

METALS

CLP Inorganic Target Analyte List
(see Table 3-4)

Other Metals
Cesium
Lithhum
Molybdenum
Strontium
Tin

OTHER INORGANICS
Cyanide

pH

Nitrate

Sulfide

RADIONUCLIDES

Gross Alpha

Gross Beta

Strontium 89, 90

Cesium 137

Radium 226, 228

Uranium 233, 234, 235, 238
Americium 241

Plutonium 239, 240

Tritium

Final Background Geochemical Characterization Repont December 21, 1960
Rocky Fiats Plant, Goiden, Calorado Page 3-22
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SECTION 4

DATA QUALITY

41 ALITY A RAN ALITY CON L PRACTICE

The 1989 background geochemical characterization program was conducted in accordance with the
ER Program Quality Assurance/Quality Control (QA/QC) Plan (Rockwell International, 1989a) and with
Standard Operating Procedures (SOPs) (Rockwell international, 1989b) Sampling and analysis activities were
implemented using these procedures to document and assure the precision, accuracy, comparabiiity,

completeness, and representativeness of the data

Analytical data were generated using EPA and other well-established methods identified in the QA/QC
Plan EPA Contract Laboratory Program (CLP) methods and protocols were used in the analysis of target
analyte list (TAL) metal parameters Background samples were not analyzed for organic compounds in 1989
Methods for non-CLP analytes, for exampie, major ions and radionuclides, are based on EPA and other
published references The analytical data were reviewed and validated independently of the laboratory, and the
results were documented in data validation reports EPA data validation functional guidelines were used for
validating metals data for CLP analytes Non-CLP analytical data were validated using data validation
guidelines developed by the ER Program because such guidelines have not been published by EPA These
non-CLP guidelines are based on EPA validation functional guideline concepts and tailored to non-CLP

analytical methods

Three classes of data quality are used in the ER Program (1) V--Valid and usable without qualification,
(2) A--Acceptable for Use with Qualification(s), and (3) R-Rejected (unacceptable) Valid data meet the

following objective standards, where applicable
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*q analytical methods followed,

2 acceptance criteria achieved,

3 sufficient number and type of QC samples analyzed,

*4 QC limits achieved,

*5 compounds and analytes correctly identified,

*6 equipment/instrumentation calibration criteria achieved, and
7 sample holding times met

* primary validation criteria

Data that are acceptable with qualifications meet most, but not all, of the above standards At the
minimum, all of the primary validation critenia are achieved within acceptable limits Rejected data fail to meet
primary validation criteria As shown in Appendix D, analytical results are coded with the appropriate data
qualifier (V, A, or R) based on the results of the data validation For the purposes of the background
geochemical characterization, valid and acceptable data were considered of equal utility Except for
radiochemistry, rejected data have not been used In any statistical computations (see Section 4 2) However,
it should be noted that data that have not yet been validated have been used in the statistical computations
out of necesstty, i e, to provide an adequate quantity of data for statistical analysis with an acceptable level
of confidence Use of unvalidated data should not reduce the soundness of the conclusions drawn because
most of the data that have been validated are either valid or acceptable The only exception is in the case of
gross alpha and gross beta measurements where all of the data that have been validated, have also been
rejected (see Section 4 2) Determination of contamination in any environmental medium at the Rocky Flats

Plant based on gross alpha and beta alone must be considered preliminary in light of these resuits

42 TA ATA VALIDATION

Appendix D summarizes the data validation status for ground water, surface water, sediments and solls
For every parameter that was analyzed, this appendix provides the percentage of validated data, and

percentage of valid, acceptable, and rejected data

Excepting radionuclide data, greater than 85% of the ground water data have been validated However,

less than 3% of the radionuclide data have been reviewed For the dissolved metals, the rejected data range
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from 0% to 32% (aluminum) In all instances, only data that show non-detection of the metal have been
rejected (This is not to say that all non-detect metals data have been rejected) The data have been rejected
hecause of negative bias in the blanks, | e , the blanks were producing negative instrument readings rendering
determination of non-detected ("zero® instrument readings) for the samples inconclusive The three nitrate-

nitrite concentrations that were rejected are due to calibration verification documentation not being available

Only three gross alpha and beta concentrations were rejected The data were rejected because the
lab control samples fell outside the three sigma control limts Two americium concentrations were rejected

because of unacceptably low chemical recoveries

With the exception of the radionuclide data, 70 to 93% of the surface water data have been validated
None of the dissolved radionuclide data were validated, and less than 20% of the total radionuclide data were
validated The fraction of rejected dissolved and total metals data are similar to the ground water metals data
The reason for the rejection is the same, i e, negative bias in the blanks With the exception of cyanide, the
inorganics data were qualified as valid or acceptable Twelve percent of the cyanide data were rejected
because of unacceptably low matrix spike recoveries The gross alpha and beta data were rejected primarily
because the self absorption (calibration) curve was out-of-date The four rejected americium data were results

of unacceptably iow chemical recoveries

Most of the total metals and inorganics sediment and soils data have been validated, however, none
of the radionuclide data have been validated Again, total metals data were rejected due to negative blas in
the blanks All of the sediments inorganics data that were validated, were valid In contrast, 9% of the soils
sulfide data were rejected because the raw data indicated that sulfide was actually not present in the samples,

contrary to the analytical report
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43 FIEL A NTR AMPLE

Duning the background field investigation program, field blank and field duplicate quality control
samples were collected in accordance with the QA/QC Plan Field blanks are used to monitor for sample
cross-contamination and the effectiveness of the decontamination process The blanks are collected by rinsing
decontaminated sampling equipment with distilled /detonized water, placing it in the appropriate container, and

preserving as required

With respect to ground water and surface water samples, the field duplicates are collected following
the actual sample collection using the same sampling technique For soil samples, it is necessary to split the
core of the interval being sampled, with the sample and duplicate collected from each of the splits using the
same technique The data from the sample and duplicate provide a measure of the sampling precision and
sample homogeneity, i e, the amount of error in the data attributed to sampling technique, or to variability in

the analyte concentration in the medium being sampled

Precision is quantified by calculating the relative percent difference, i e, the quotient of the difference
between the duplicate analytical results and the average of those results for the given analyte expressed as

a percentage

% RPD = 100(C1 - C2)/(C1 + C2)/2

where

RPD = Relative percent difference

C1 = Concentration of analyte in the sample

C2 = Concentration of analyte in the duplicate
The QC criterion for laboratory duplicates is a + /- 20% RPD for water duplicates and + /- 35% RPD for soil
These limits have also been applied to field duplicates, for discussing the results Appendix D provides the
data for the fleld blanks and duplicates and the resuits are discussed below
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The ground water quality control samples generally show an absence of contamination in the blanks
and good precision between the duplicate sample data With the exception of one field blank in which the
mercury concentration is 0 0023 mg/l (sample G31890589001FB), the field blank data show analytes are
generally not detected, or detected near or estimated below the detection limits, That is to say, the blanks are
generally non-detect The RPDs are also below + /- 20% with few exceptions The more obvious exceptions
are in the won and zinc data but even in these cases, most of the RPDs are below the criterion The
radionuclide data is difficult to assess with respect to precision because most of the data have large assoclated
error terms (of similar magnitude to the values) and therefore the actual concentration is uncertain The only
large discrepancy between the sample and the duplicate in the inorganics data is for sample G15890589001
where the total dissolved solids data differ by an order of magnitude This would appear to be a transcription

error and ts being investigated

With respect to surface water, QC samples generally show non-detect blanks and low RPDs Of note,
however, is field blank SW108002FB (total metals) and the duplicates for the sulfate data This field blank
shows significant concentrations of several metals, and from the magnitude of the concentrations, the field
blank appears to be a mislabeled sample Again, this is being investigated For unknown reasons, several of
the sulfate duplicate pairs show poor agreement (RPD > 100%), however, the other pairs show excellent

agreement

The sediment QC samples show non-detect field bianks and poor precision with respect to aluminum,
iron, vanadium, and zinc, and to a lesser extent copper and lead These were the only metals detected and
implies that there is heterogeneity in the sediment being sampled, or that the variability arises from the

sampling technique

Like the sediments, the fleld blanks are generally non-detect, however, the precision for several of the

metal concentrations is poor The few exceptions to non-detect field bianks include samples BH17890328FB
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(aluminum - 300 mg/1), BH11890317FB (zinc - 33 2 mg/!), and BH12890323FB (zinc - 0 947 mg/!) The reason
for the occurrence of these metals in these field blanks is not known The metals showing the most frequent
occurrence of RPDs greater than 20% are iron, manganese, molybdenum, nickel, and zinc Uniike the
sediments, these are not simply the metals that were frequently detected Because the precision for the other

metals i1s generally good, it is presumed that the variabllity is inherent in the volume of soil being sampled

44 |DENTIFICATION OF QUTLIER

As part of the inttial review data were grouped by sample type (ground water, etc ) and by chemical
group ( dissolved metals, etc) Within each chemical group data were ranked in descending concentration
by analyte The top five concentrations for each analyte were manually compared with the original laboratory

analytical reports to check for potential outliers and to check the integrity of the database

Outller testing was also performed on each analyte within each chemical group and sample medium
by the single outlier test defined in ASTM (1975) and described in the RCRA guidance document (EPA, 1989)
Outhers identified with the single outlier test were also identified by the ranking procedure, and were therefore

checked against the original laboratory data.

Outliers that were transcription errors, laboratory errors, or database errors were corrected in the
database All other outliers that could not be explained as errors were retained in the dataset as suggested
by (EPA, 1989) Background sampling stations and wells were chosen upgradient or upstream of plant
operations and are assumed to be unimpacted by plant operations Therefore, outliers that are not explained
as errors should be included in the dataset because they represent natural background chemical variability

Results of the ASTM outlier test are reported in Appendix C
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45 HEMICAL DATA QUALI RITERIA

Together with the QA/QC practices outlined in Section 4 1, other criteria are used to assess general
data quality for use in geochemical interpretation Some of the standard practices discussed below include
calculating cation-anion balances, comparing TDS measured in the laboratory with TDS calculated from
analytical results, and comparison of specific conductance versus TDS The purpose of these techniques is
to further check the consistency of the data, and to help identify transcription errors, field or lab instrument
deficiencies, and other potential problems with the data Another purpose is to explore the data for trends and
relationships that indicate incomplete analyses, or geochemical changes between fieild measurements and lab

measurements

451 [ Water | riter:

The natural log of total milhiequivalents of cations is plotted against the corresponding value for anions
on Figure 4-1 as a quality check of the ground water data The ideal case of zero charge balance error and
electrical neutrality is indicated by the position of the 45 degree line The data points follow the 45 degree line
quite closely, although most of the points fall on the anion side of the line This indicates an excess of
negatively charged species, according to the laboratory data Thus either one or more anions are being
overestimated by the laboratory, or one or more cations are being underestimated The charge balance
calculations incorporated all major ions as well as some lessor ions selected after reviewing the dataset
Cations included in the summation included Ca**, Mg**, Na*, K*, Fe**, Sr**, and Cs* Anions included
HCO,, CO,", CI, SO47, and NO3" For all lons the conversion factors between milligrams per liter and

milliequivalents per liter were taken from Hem (1989)

Percent charge balance error is computed by the equation, (100)(cations-anions)/(cations +anions)
where "cations” and "anions® represent the miliequivalent sum of cations and anions, respectively Charge
balance errors might be expected to increase with the total dissolved solids (TDS) content, however, Figure
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FIGURE 4-1
CATION-ANION BALANCE IN GROUND WATER
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4-2 does not indicate any such pattern Both the mean and median charge balance errors are only about -2%
and most of the points indicate less than 10% error This indicates that the analyses are reasonably accurate
Figure 4-3 compares analyzed (measured) total dissolved solids (TDS) against calculated TDS
Although there is considerable scatter in the data, the points appear to cluster along the theoretical line
However, most of the points fall on the analyzed side of the 45 degree line rather than on the calculated side,
suggesting that there may be additional solids in the water that have not been specifically identified and
analyzed for Dissoived silica, for example, was not analy'zed in 1989 ground water samples at Rocky Flats
Preliminary data from 1990 suggests that dissolved silica in Rocky Flats ground waters may reach

concentrations of 60 mg/L.

The calculated versus measured TDS balance in Rocky Flats ground water should improve in the 1990

field season with the addrtion of new analytes including silica, orthophosphate, and fluoride among others

Field conductivity values at various temperatures have been corrected to specific conductance in
micromhos/cm at 25°C according to the equation, SC= COND + (0 02*COND*(25-T)) In this equation from
EPA (1983), "SC" is specific conductance, and "COND" is conductivity at sample temperature "T" degrees C
Specific conductance (SC) is often highly correlated with total dissolved solids in the geochemical literature
(Hem, 1989) However, Figure 44 indicates a rather poor correlation between SC and TDS in ground waters
from Rocky Flats The field equipment used to measure conductivity in 1989 is believed to be responsible for

the poor correlation and has since been upgraded to include temperature compensation

Figure 4-5 plots pH measured in the field versus pH measured in the laboratory Because pH Is often
an unstable parameter (poorly buffered) in natural waters, the agreement between field and laboratory data is
actually better than expected That is, approximately equal numbers of points fall on both sides of the 45

degree line
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FIGURE 4-2
. CHARGE BALANCE ERROR VS TOTAL DISSOLVED SOLIDS
IN GROUND WATER
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Final Background Geochemical Characterization Repont

COMPARISON OF MEASURED AND CALCULATED
TOTAL DISSOLVED SOLIDS IN GROUND WATER

FIGURE 4-3
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SPECIFIC CONDUCTANCE VS TOTAL DISSOLVED SOLIDS

SPECIFIC CONDUCTANCE (micromhos/cm at 250C)

FIGURE 4-4
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FIGURE 4-5

COMPARISON OF FIELD MEASURED PH VS LABORATORY MEASURED PH

IN GROUND WATER
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Because ground water pH Is often poorly buffered, it is an unstable parameter, and the field-measured
pH should always be used in preference to the laboratory pH which is measured days later The pH of a water
sample often changes not only with temperature, but with gas exchange and with precipitation of solids (for
example, CaCQ,) from the sample Ground waters are often rich in dissolved CO, which degases at the lower
pressures and warmer temperatures usually found at the ground surface and in the laboratory Ignoring other
effects, the loss of CO, acts to raise the pH Thus laboratory measured pH values are often found to be one
or two pH units higher than the pH of a ground water measured in situ This behavior is not observed on

Figure 4-5

A histogram of pH values in ground water is shown on Figure 4-6 An outlier at pH 10 4 was excluded
from the histogram The distnbution s reasonably normal with a mean of approximately pH 76 Most of the

ground water pH values lie In the range 6 6 to 8 0 pH units

EG&G selected 50 wells on the site during the first quarter 1990 to measure both fiitered and unfitered
total alkalinity in the field The purpose was to determine if suspended solids in the ground water sample could
account for part of the total alkalinity of the sample The data could be used to explain differences in field and
lab parameters, and differences between measured and calculated TDS Filtered samples were passed through
a standard 0 45 um fiiter prior to alkalinty measurement Total alkalinity was measured in the field using an
ORION Total Alkalinity Test Kit #700010 Figure 4-7 shows an excellent correlation between filtered and
unfiltered total alkalinity over a wide range of values, suggesting that suspended material greater than 0 45 um

Is not contnbuting to total alkalinity

Figure 4-8 compares filtered versus unfiltered alkalinity for 11 background wells inciuded in the test, and
shows good correlation between the two analyses Well B400289 may have some suspended material resulting
in elevated unfiltered alkalinity In general, the data indicate that suspended material is not contributing to

alkalinity for both background and nonbackground ground water
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. FIGURE 4-6

HISTOGRAM OF FIELD MEASURED PH IN GROUND WATER
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452 Surface Water Quality Criteria

Figure 4-9 provides a quality check of surface water analytical data by plotting the natural log of cation
miiliequivalents versus that for anions in surface water sar,nples If the analyses were accurate and precise all
the points would plot along the 45 degree line where cation milliequivalents equal anion milliequivalents The
correlation is generally good, however, most of the points fall on the anion side of the line indicating an excess

of negatively charged species in the analytical data

Another view of surface water data quality is provided by Figure 4-10 in which percent charge balance
error is plotted versus the total dissolved solids (TDS) content of the water There does not appear to be any
correlation between TDS and error Because of a half dozen outllers, the mean percent error is about -9 8%
This negative value means that on average anions exceed cations by 9 8% Use of the median value of -5 8%

may be more representative in this case, since it is less influenced by large outliers

Figure 4-11 compares the measured TDS with that computed from surface water analytical data
Ideally, the data points should lie along the 45 degree line The fact that most of the values fali on the
measured TDS side of the line implies that one or more important analytes may not have been analyzed
Therefore, the corresponding calculated TDS is usually smailer As mentioned in the discussion of ground
water quality, silica was not analyzed in 1989 Silica, as well as orthophosphate and fluoride analyses have

been added to the 1990 field program for surface water

Figure 4-12 plots the natural log of specific conductance against the log of TDS A linear relationship

1s expected but not observed for these surface waters

Figure 4-13 indicates that there is almost no correlation between field-measured ph values and those
later measured in the laboratory This may be the case because the pH of natural waters tends to be an

unstable parameter which is best measured in situ, or as soon after sampling as possible
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FIGURE 4-9
CATION-ANION BALANCE IN SURFACE WATER
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| ‘ FIGURE 4-10
CHARGE BALANCE ERROR VS TOTAL DISSOLVED SOLIDS
IN SURFACE WATER
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FIGURE 4-11
. COMPARISON OF MEASURED AND CALCULATED TOTAL DISSOLVED SOLIDS
IN SURFACE WATER
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é FIGURE 4-12
SPECIFIC CONDUCTANCE VS TOTAL DISSOLVED SOLIDS
IN SURFACE WATER
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FIGURE 4-13

COMPARISON OF FIELD MEASURED PH VS LABORATORY MEASURED PH

IN SURFACE WATER
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‘ A histogram and normal probability piot of fieid-measured ph values for Rocky Flats surface waters are
shown on Figure 4-14 The mean pH is approximately 7 3 pH units Because pH is defined as the negative
log of hydrogen ion activity, the linear probabiiity piot indicates that hydrogen ion is log normally distributed,

and pH s normally distributed in these waters
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FIGURE 4-14

HISTOGRAM AND PROBABILITY PLOT OF FIELD MEASURED PH

IN SURFACE WATER
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SECTION §
BACKGROUND CHEMICAL CHARACTERIZATION

51 INTRODUCTION

Concentrations of chemicals in ground water, surface water, sediment, and borehole materials were
measured to establish background conditions in each medium Chemical concentrations and a discussion
of the general geochemical characteristics of each sample medium are summarized in the following sections
This evaluation is based on data received as of October, 1990 and includes resuits obtained from three
rounds of ground water, nine rounds of surface water, one round of borehole sampling, and two rounds of

sediment sampling All analytical data are tabulated in Appendix A

As outlined in Section 3 0, the chemical analyses were classified by the spatial location and lithology
of the sample Each sample medium was tested for statistically significant differences in chemistry as follows
surface water and sediments were tested for differences between sample locations in the north versus those
in the south buffer zone, Borehole materials and ground water samples were tested for differences between
ltholagic units, and between locations (North Rocky Flats versus South Rocky Flats) Figure 2-1 shows the
logical path and statistical methods used to determine differences between groupings Output from the
statistical tests, geological, and hydrogeological information are used below to determine the groupings
Resulits from MANOVA, ANOVA, multiple comparisons, or Test of Proportions are presented in Tables 5-1
through 5-7 below, and tolerance intervals together with summary statistics are included under the appropriate

sections Tolerance interval calculations are presented in Appendix B

5.2 ND WATER

521 tatisti

Background ground water monitoring weils in North and South Rocky Fiats were completed in Rocky

Flats Alluvium, valley fill, colluvium, weathered claystone, weathered sandstone, and unweathered sandstone
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Ground water samples, collected over three quarters, from each of the well completion Iithologies are
compared against each other for geochemical differences and ground water samples from North Rocky Flats
are compared against samples from South Rocky Flats Dissolved metals, dissolved radionuclides, and

inorganics are included in the statistical analyses

Analytes in ground water with over 50% detectable concentrations include Ca, Mg, Mn, Na, Am241,
Cs137, gross alpha, gross beta, Pu239, Ra226, Sr89/90, tritium, U235, U238, Ci, HCO,, NO,/NO,, SO,, and
pH Anaiytes with less than 50% detectable concentrations, but greater than 10% detects are Al, Ba, Fe,
Pb, Li, Hg, K, Se, Sr, and Zn Sb, As, Cd, Cs, Cr, Co, Cu, Mo, Ni, Ag, T1, Sn, V, Ra228, U233/234, and

Cyanide had less than 10% detectable concentrations or fewer than three samples

The distributions for analytes with over 50% detectable concentrations are examined for normality or
lognormality Cs137 and tritium are normally distributed in ground water and HCO, is lognormally distributed
Ca, Mg, Mn, Na, Am241, gross alpha, gross beta, Pu239, Ra226, Sr89/90, U23s, U238, CI, NO,/NO,, SO,,
and pH do not have a distinct normal or lognormal distribution Ca, Mg, Mn, Na, Cl, NO,/NO,, and SO,

resemble a lognormal distribution, while the other analytes resembile a normal distribution

The null hypothesis of homogeneity of variances (homoscedasticity) for ground water analytes in
North and South Rocky Flats was tested within each well completion lithology and by sampling quarter
Analytes with over 50% detects were used in the testing For those analytes which do not have a normal
or lognormal distribution, the test may detect anormality instead of heterogeneity of variances Only Cs137,
tritium, and HCO, appear to have homogeneity of variances between North and South Rocky Flats within

each lithologic group over time

A Multivariate Analysis of Variance is not performed for the ground water data due to an inadequate

number of analytes meeting the assumptions of normality, homogeneity of variances, and independence

Final Background Geochemical Charactedzation Report December 21, 1900
Rocky Fists Plant, Goiden, Colorado Page 5-2
egAg\bigichem\dec\sec-5



Nonparametric and Parametric ANOVA's are performed for analytes with more than 50% detectable
concentrations The null hypotheses tested are of no ground water geochemical differences between North
and South Rocky Flats and no geochemical differences between each well completion lithology To test for
these differences, a parametric ANOVA is performed for only Cs137, tritium, and HCO, Al other analytes
do not meet one or more of the assumptions for a parametric ANOVA, so a nonparametric ANOVA is
performed instead All analytes, except Cl, show no statistically significant difference between North and
South Rocky Flats However, all analytes except Mn, Cs137, Pu239, Ra226, Sr89/90, and tritium, show a
statistically significant difference in groundwater lithologies Following the logic outlined in Table 2-1, muitiple
comparison tests are run between lithologic groups for each analyte The tests show a statistically significant
geochemical difference exists between lithologic groups In other words, each of the ground waters (as
identified by the well completion lithology) appears to be different from the others and no clear grouping is

evident among lithological units

Ground water analytes with less than 50% detectable concentrations but greater than 10% detects
were analyzed using Fisher's exact test and a Chi-square test The null hypotheses tested are, (1) the
proportion of nondetects in South Rocky Flats is equal to the proportion of nondetects in North Rocky Flats,
and (2) the proportion of nondetects in each lithologic group is independent of the proportion of nondetects
in the other lithologic groups The resuits indicate that there is no statistically significant difference in the
proportion of nondetects between North and South Rocky Flats, and no statistically signficant difference in

the proportion of nondetects in each ground water type

Tables 5-1 through 5-3 summarize the statistical techniques, distributions, and resuits of the analyses
for all analytes with more than 10% detects A probability value from tests between locations and lithological
units is provided for reference Since the majority of analytes with more than 50% detects show a statistical
difference between ground water classes, Rocky Flats alluvium, colluvium, valley fill, weathered claystone,
weathered sandstone, and unweathered sandstone are considered statistically different in ground water
geochemistry Ground water geochemistry for Chioride is different between North and South Rocky Flats,

but North and South Rocky Flats are similar in ground water geochemistry for all other analytes
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Major 1on geochemistry for the ground water subgroups suggests that only the unweathered
sandstone ground water can be consistently classified as a different hydrochemical facies from the other
subgroups Five trilinear diagrams are presented (Figures 5-1 through 5-5) that show 1989 mean values for
major ions from Rocky Flats Alluvium ground water, valley fill ground water, colluvium ground water,
weathered claystone and sandstone ground water combined, and unweathered sandstone ground water
Inspection of these plots indicates that Rocky Flats Alluvium ground water samples plot in the calcium
bicarbonate field, and contain lower TDS concentrations than the other subgroups Colluvium ground water
and valley fill ground water are more saline than Rocky Flats Alluvium ground water, and can also be

classified as primarily bicarbonate to caicium bicarbonate water

Qutliers to these general classifications exist for both valley fill and colluvium ground water Valley
fill welt B303089, located in the southeast buffer zone, was dry for 2 quarters of 1989, but a sample collected
in October shows greatly elevated Na+K and SO, relative to the other valley fill wells This anomaly is
demonstrated clearly in the Stiff diagrams plotted on Plate 2 With the exception of well B303089, valley fill
Stiff diagrams are similar in shape and magnitude for both the north and south buffer zone Both the pH and
the cation-anion balance for weil B303089 are reasonabie (7 9 and -0 4% difference, respectively), indicating
that the anomalous data point does not result from gross analytical or sampling error, and suggests that
valley fill ground water at that location may be influenced by a locally occurring Na or K and SO4 source
Colluvial well B201289 also piots as an anomaly on both the trilinear and Stiff diagrams by containing elevated
sulfate with respect to the other colluvial wells Well B201289 may also be influenced by the dissolution of
a locally occurring sulfate source However, in general, the colluvial wells have elevated TDS (Table 5-8) and

elevated Na+K concentrations relative to the other upper flow system ground water subgroups

Well B204189 is completed in unweathered sandstone and, aithough it exhibits similar major ion
chemustry to the other unweathered sandstone wells in the Stiff plots, it also has pH values ranging from 9 1

to 10 4 in 1989 (Appendix A) The pH values decrease over time from second quarter to fourth quarter,
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FIGURE 5-1
TRILINEAR DIAGRAM FOR ROCKY FLATS ALLUVIUM GROUND WATER 1989
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FIGURE 5-2

TRILINEAR DIAGRAM FOR VALLEY FILL ALLUVIUM GROUND

WATER 1989
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FIGURE 5-3
TRILINEAR DIAGRAM FOR COLLUVIUM GROUND WATER 1989
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FIGURE 5-4
TRILINEAR DIAGRAM FOR WEATHERED SANDSTONE AND CLAYSTONE
GROUND WATER 1989
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FIGURE 5-5
TRILINEAR DIAGRAM FOR UNWEATHERED SANDSTONE
GROUND WATER 1989
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suggesting that the initial high pH value may be attributed to incomplete well development after installation,
and that the well is approaching a pH which 1s more representative of the ground water over time Well

B204189 will be monitored closely for elevated pH values in the future

Inspection of the trilinear diagrams, Stiff diagrams (Plate 3), and Table 5-8 indicates that weathered
claystone and weathered sandstone ground water can be classified similarly to the alluvial ground water
subgroups, suggesting that ground water in these units is part of the same flow system All samples collected
from unweathered sandstone, however, plot in the Na or K hydrochemical facies field, and nearly haif of the
samples also contain elevated sulfate and chioride relative to the other subgroups These data suggest that
unweathered sandstone ground water has geochemical charactenistics distinguishable from the alluvial and

weathered bedrock system

Figures 5-6 through 5-9 iliustrate some changes in major ion geochemistry with downgradient distance
for some of the ground water subgroups in the north and south buffer zone The potentiometric iow map
for the upper flow system (i e Rocky Flats Alluvium, colluvium, valley fill, weathered bedrock ground water)
(Figure 3-2, first quarter, 1990) shows that although most wells within a subgroup do not line up directly along
a streamline, they are generally downgradient from each other and can be used to infer water quality changes
over distance The piots indicate that water quality is not changing significantly over distance within the
background well population Major ions increase in concentration within valley fill ground water in both the
North and South Rocky Flats (Figure 5-6), reflecting interaction of ground water with the aquifer materiais
along the flowpath Rocky Flats Alluvium ground water also shows increasing concentration of calcium and
sulfate with distance in the North Rocky Flats (Figure 5-7), yet both sodium and chioride vary only slightly
along the flowpath Valley fill wells in the South Rocky Flats similarly show increasing major ions with
distance downgradient for all major ions plotted (Figure 5-8) The first well in Figure 5-8 (B402689) is not
directly upgradient of the other three wells plotted (Figure 3-2 and Plate 1), which may explain the apparent
drop in sodium and chloride concentrations between well B402689 and B302789 Figure 5-9 shows the

changes in major ion chemistry for weathered claystone in north buffer zone, and does not reveal a strong
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trend although sulfate concentrations in well B203489 are much greater than in the other two wells For all

the groups plotted, pH Is nearly constant

Borehole logs and seismic data collected for the phase | geological characterization of Rocky Flats
suggest that ground water at Rocky Flats can also be modelled as a dual flow system This model consists
of a lower flow system primarily within unweathered sandstones, and an upper system that flows within the
unconsolidated surficial materials and weathered sandstone and claystone (Results of the phase | geologic
characterization wili be complete in spring, 1991, and the phase |l characterization studies will be completed
in late 1991) Major ion geochemistry (discussed earlier) lends support for the dual fiow system model by
indicating that only unweathered sandstone ground water varies significantly and consistently from the other
ground water subgroups Therefore, tolerance intervals and descriptive statistics for analytes in ground water
are computed for an upper flow system and a lower flow system in addition to the set of tolerance intervals

reported for each well completion lithology

There are several additional reasons for interpreting the ground water data both as upper versus lower
aquifers and as distinct formation waters First, the hydrogeology of the site should be considered together
with the geochemistry of the ground water, recognizing that characterization work is ongoing and the
underlying geologic modei may change Second, this background report presents only three quarters of
ground water data, and the statistical results are likely to change in future years Third, the interaction of
surface water and ground water is not yet clearty understood at the site, and may be better expiained by
defining an upper flow system which is strongly influenced by surface water For these reasons tt is
appropriate to present both sets of tolerance intervals in this report.

523 Tolerance intervals

One tolerance interval, percent detects, or maximum value is calculated for ground water samples
from each lithological unit per analyte Chloride has separate tolerance intervals and descriptive statistics for

each lithologic unit for both North and South Rocky Flats Statistical summary tables showing tolerance
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intervals, percent detects, or maximum values per analyte per grouping are presented in Tables 5-10 through
5-38 and Appendix B Tables 5-39 through 5-48 present tolerance intervals, percent detects, or maximum
values per analyte for the uppermost and the lowermost flow system These resuits should be used in future
monitoring programs to compare sampling results from downgradient wells with either a tolerance interval,

percent detects, or a maximum value

5.3 SURFACE WATER

531 Statigtics

Surface water stations were sampled for nine rounds in 1989, and resuits were tested for significant
differences in surface water geochemistry between North and South Rocky Flats Review of the total metals
and total radionuclides suggests a strong correlation exists between total suspended solids and metals and
radionuclides at two of the surface water stations {discussed below in Section 5 32) Both stations (SW080
and SW104) are located in the south buffer zone Because of the possibility that sampling technique at these
seep stations may have resuited in high suspended solids and correspondingly high total metals and
radionuclides, both groups of analytes ware removed from the statistical analyses Dissolved metals,
dissolved radionuclides, and inorganic data are included in the statistical analyses

Surface water analytes with over 50% detectable concentrations include Ca, Mg, Mn, Na, Am241,
Cs137, gross alpha, gross beta, Pu239, Sr89/90, U235, U238, Cl, HCO,, NO,/NO,, SO,, and pH Analytes
with less than 50% detects but more than 10% detects are Al, Pb, Fe, Li, Hg, Sr, and Zn The following
elements have less than 10% detection Sb, As, Ba, Be, Cd, Cs, Cr, Co, Cu, Mo, Ni, K, Se, Ag, T1, Sn, and
v

The distributions of analytes with over 50% detectable concentrations are examined for normality or

fognormality Sr89/90 is normally distributed, while ali other analytes do not have a distinct normal or

Final Background Geochernical Characterization Report December 21, 1980
Rocky Fiats Plant, Goiden, Colorado Page 518
oghg\bigdchem)\dec\sec-5




lognormal distribution Ca, Mg, Mn, Na, Cl, HCO,, NO,/NO,, SO, more closely resemble a lognormal

distnbution, while the radionuclides and pH resemble a normal distribution

The null hypothesis tested is homogeneity of variances between North and South Rocky Flats Ca,
U235, U238, Cl, and SO, are statistically different between the two areas, but since they do not have a distinct
distribution, the test may have detected anormalilty instead of heterogeneity of variances All other analytes
appear to have homogeneity of varlances between North and South Rocky Flats As a result of these tests,
Muiltivariate Analysis of Variance is not performed due to an inadequate number of analytes meeting the

assumptions of normality, homogeneity of variances, and independence

Nonparametric and parametric ANOVA's are performed for analytes with more than 50% detectable
concentrations The null hypothesis tested is one of no geochemical difference between North and South
Rocky Flats A parametric ANOVA is performed for Sr89/90 because of its normal distribution All other
analytes in this grouping do not meet one or more of the assumptions for a parametric ANOVA, so
nonparametric ANOVAs are performed Test results indicate that there s a statistically significant difference
in surface water geochemistry between North and South Rocky Flats for only Ca, Na, and pH Surface water

geochemistry for North and South Rocky Flats is statistically similar for all other analytes tested

As per Figure 2-1, analytes with less than 50% detects but more than 10% detects are analyzed using
Fisher's Exact test, or a Chi-square test adjusted for continuity The null hypothesis being tested is that the
proportion of nondetects in North Rocky Flats is equal to the proportion of nondetects in South Rocky Flats
The proportion of nondetects in North Rocky Flats is statistically different for only one element, Li, than the
proportion of nondetects in South Rocky Flats The proportion of nondetects between North and South

Rocky Fiats for all other analytes tested is similar

Table 54 summarizes the statistical techniques, distributions, and results of the analyses for all
analytes with more than 10% detects A probability value for tests between locations is provided for

reference Statistical differences between North and South Rocky Flats occur for Ca, Na, and LI, all other
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analytes are statistically similar between North and South Rocky Flats Consequently, one set of tolerance
intervals Is calculated for all surface water analytes except Ca, Na, and LI, both North and South Rocky Flats

tolerance intervals are reported for these three chemicals

532 Major lon Geochemistry

Surface water sampling sites were selected within the Rock Creek, upper Walnut Creek and Woman
Creek drainages Stiff diagrams representing mean values for major lons are presented on Plate 3 to show
relative differences in water quality between sites The Stiff diagrams show similar shapes and sizes indicating
relatively low TDS calcium bicarbonate water for all stations located in stream channels (SW004, SWO005,
SWO006, SW007, SW107, SW041) and for station 104 located at a surface seep Stations SW106 and SW107
contain slightly elevated Na+K relative to the other stations in the North Rocky Flats Both stations are
located at the headwaters of tributaries to Rock Creek and Walnut Creek, and may be reflecting low flow
combined with greater evaporative losses relative to downstream stations Figures 5-10 and 5-11 show
increasing concentrations of predominately Ca, Mg, and HCO, with distance downstream in Rock Creek, and

no significant change in K, Cl, or SO,, although Na concentrations vary between the three stations

A trilinear diagram (Figure 5-12) with all 1989 surface water data shows that, ke ground water, most
of the samples can be classified as bicarbonate to calcium bicarbonate waters Outliers to this classification
include SW107, which contains elevated Na+K and Cl for reasons discussed above, and SW108 which has
elevated SO, values relative to all other stations Station SW108 is located at a small pond formed by seep
flow from the south hillside of Rock Creek The seep flow probably reflects emerging colluvium ground water
that contains elevated SO, concentrations relative to the Rocky Flats Alluvium and valley fill ground water

for the North Rocky Flats.

Downstream surface water Stiff diagrams resemble adjacent ground water Stiff diagrams for the upper

flow system In addition to dissolution of minerals in the stream beds, increasing major ion concentrations
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FIGURE 5-12
TRILINEAR DIAGRAM FOR ALL 1989 SURFACE
WATER SAMPLES
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i

in surface water from west to east across the Rocky Flats Plant may reflect the stronger influence of ground
water geochemistry as baseflow Surface water stations at the western edge of the Plant are near the
headwaters for Rock, Woman, and Walnut Creeks, and primarily receive runoff Surface water stations further
east are located within incised drainages with commonly visible seeps indicating ground water-surface water
interaction Three surface water stations are iocated at or near seeps, SW080, SW104, and SW108, and mean
TDS values for these stations are significantly elevated relative to the other stations located within drainage
channels (Table 5-9) The Stiff diagram plotted for SW080 on Plate 2 indicates significantly higher HCO, + CO,
relative to all other stations Both HCO, and CO, are measured by alkalinity titration Inspection of Table 5-29
shows that sampias collected from SWO080 throughout 1989 show an extreme variation in TSS concentration,

which correlates well with HCO, values for that station

Sample collection techniques in 1989 apparently disturbed the very fine, organic-rich bottom sediment
observed at station SWO080 It is possible that solid calcium carbonate, organic material, silica, or some other
suspended material may have produced the anomalously high HCO, value generated by alkalinity titration,
since these additional species are not reported with the other analyses Figure 5-13 shows the correlation

between TSS and HCO, as well as selected metals These are discussed further below

533 Surface Water Geochemistry

Appendix A tabulates analytical resuits for dissolved and total metals, inorganics, field parameters,
total radiochemicals, and dissolved (fiitered in the field through a 0 45 micron filter) radiochemicals Samples
were collected for dissolved radiochemicals for one round to compare with totals Unfiitered samples were
subsequently collected because total concentrations are relevant to risk assessments, and radionuclide

standards are established for total, not dissolved concentrations

The summary tables indicate that total metal concentrations differ significantly from dissolved metal
concentrations for several major and trace metals Similarly, total radiochemical values differ from dissolved

values reported for one round Much of the difference between total and dissolved analyses may be
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explained by the relationship between total suspended solids (TSS) and total metal and total radiochemical
concentrations Table 5-3 compares TDS values with TSS values for stations located in stream channels and
stations at or near seeps The table indicates that TDS values for SW080, SW104 and SW108 are similar to
TOS values for stations located in stream channeis, although SW104 is consistently higher than all the other
stations TSS values for the stream channel stations, however, show little difference between sampling events
compared to the seep stations, which show extreme variability, and much higher maximum concentrations
particularly for SW104 and SW080 Stations SW080 and SW104 also have consistently higher total metal and

radionuclide concentrations than the other stations

Figures 5-13 through 5-16 show TSS values plotted with a subset of total metal and total radionuclide
values for 1989 sampling events at stations SW080 and SW104 The plots show a strong correlation between
TSS and metals/radionuclides, suggesting that the bulk of the chemical load is suspended material at these
sites The dissolved metal and radiochemical data presented in Appendix A for these stations suggest that
the dissolved chemicals do not significantly differ from the other surface water stations Sites SW080 and
SW104 are seeps with abundant grass and cattails, and have bottom sediments comprised of very fine, easily
disturbed, organic-rich muds Sampling practices in 1989 could easily have stirred up the sediments during
low flow episodes, resuiting in erratic TSS values and correspondingly erratic total metals and radionuclide
values EG&G is currently exploring the potential for installing modified spring boxes at seep stations with

easily disturbed bottom sediment to ensure more accurate sampling of the seep water

Two rounds of radionuclide and total metals data for sediments shows that radionuclide
concentrations in SW080 and SW104 are nearly indistinguishable from the other background sediment sites
Station SW104 has higher concentrations of magnesium, nickel, and vanadium, SW080 Is elevated in barium,
and strontium, and both stations are higher in aluminum, calcium, and lead than the other sites The organic
and clay-rich bottom sediments of these stations may preferentially adsorb some of these trace metals,
whereas the coarser sand and gravel bottoms of stations located in stream channels may not adsorb trace
metals as readily EGA&G is collecting additional rounds of sediment samples at these sites in 1990 to

compare with the two rounds collected in 1989

Final Background Geochemical Characterization Repont Decomber 21, 1800
Rocky Flats Plart, Goiden, Colorado Page &2



1 ebed

68/G/¢l 68/02/L 1 68/€1/01 68/61/6
L 9 S v

68/vi/L 68/91/9 68/L/€

elep ejdwes € ¢ —

1 1 ! 1 L l ]
I I 1 | 1 Al
A1 IITNGIIi iirziziizziiiiziziiid gy
e e e et e e e e a e e e, .- e e emm e Nt rcmrermet e e a et e e e e e e e e e e a e,
/6w SIIIIIIIIIIIIIINCIIIIIIIIIIIIIIIIIIIIIIiiioa
€0OH ¥ SoSIIIIIIIIIIIIIIIONGIIIIIIIIIIIIIIIIIIICANL gqu

1/6w M

176w W -o- R R O

t
)
.
.
'
v
(]
[
‘
[
'
0
'
[
'
[
'
t
[
0
‘'
[
'

Ibwl  vo o

_\QE SSl w P Nieidbl il diedbiiel)- ol 0001
TTIlzeszIoIiizzIIizIiIizzoi:i: =1 00001
-- LTI
st m mIiTIIIziIzIiizizisizoozezii:z: 2232221 000001

080MS 1V STVL3IN TYLOL HLIM SSL ONIHVANOD 107d €1-§ IHNDIS

VO ECOUVOE i @Bw-0C¢C

o™



176w
116w

116w

116w

16w

68/02/4 1 68/€L/01L 68/61/6 68/¥/8 68/vL/L

yA 9 S 14
ejep ejdwes

68/91/9

€

A >
va o
H -o-
W o

SS1L =

YOIMS 1V STVIIN V101 HLIM SS1 ONIHVIWNOD 101d

¥1-S 3YNOI4

OO0 C VU ODEC = =@ = -0C




FIGURE 5-15 PLOT COMPARING TSS WITH TOTAL RADIONUCLIDES AT SW080
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FIGURE 5-16 PLOT COMPARING TSS WITH TOTAL RADIONUCLIDES AT SW104

i

pCil
pCui

1+ ALPHA |pCi/I

-* BETA
< PU239

|

(]
[ 1
] 1
Lo 1
[ 1
o .
[

o

D]

D

oo

e

DRI

e

[

Ve n

o '

[ '

o [

[ '

[ »

[ ‘

] +

o ‘

(] .

(] {

vl .

[ [} '

[V ] 0
[ b
[ '

ey '

[ ’

[ '

. '

'

S IR IR IE I I T A e A I IR I N I R I A I R e i

.
S
b - e e ke e m e c c et e e e e e e e et .. e ... mumaaan ...

UG

(S 2~ I — S &

QO Cws e v = O C

001

0 001

4 sample date5

6/16/89 7/14/89 8/4/89 9/19/89 10/13/89 11/20/89

6/1/89

3/2/89




Surface water flow at RFP varles seasonally, resuiting in dry background stations during several
sampling events in 1989 Seasonality of surface water geochemistry is currently being explored as data from
background sites are received Firm conclusions regarding seasonal variation will not be reported until at
least two more years of data are available for statistical analysis Consequently, tolerance intervals for 1989

surface water data were calculated without considering seasonality

534 Tolerance intervals

One tolerance interval, percent detects, or maximum value is reported for surface water for each
analyte, except for Ca, Na, and Li Separate tolerance intervals, percent detects, or maximum values are
reported for North Rocky Flats and South Rocky Flats for Ca, Na, and Li  Statistical Summary tables
showing tolerance intervals, percent detects, or maximum values per analyte by grouping are presented in
Tables 5-49 through 5-56 and Appendix B Tolerance Intervals, percent detects, and maximum values are
reported for total metals, dissolved metals, total radionuclides, dissolved radionuclides, and inorganics These
resuits should be used in future monitonng programs to compare sampling results from downgradient surface

water stations with either a tolerance interval, percent detects, or a maximum value

54  SEDIMENTS

541 Statistics

Sediments were sampled twice in 1989, and, like surface water, the analytical results were tested for

significant differences between North and South Rocky Flats locations

Analytes with more than 50% detectable concentrations include Al, Cr, Fe, Pb, Mn, V, Zn, pH,
Am241, Cs137, gross alpha, gross beta, Pu239, Ra226, Ra228, Sr89/90, tritium, U233/234, U235, and U238

Analytes with less than 50% detectable concentrations but more than 10% detects include As, Ba, Ca, Cu,
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Mg, Ni, and NO,;/NO, The following elements each have three or fewer detectable concentrations Sb, Be,
Cd, Cs, Co, Li, Hg, Mo, K, Se, Ag, Na, Sr, Tl, and Sn

The distributions of analytes with more than 50% detectable concentrations are examined for normality
or lognormality Am241, Cs137, Pu239, and U235 do not have distinct normal or lognormal distributions
Al, Cr, Pb, V, U238, and Ra228 appear to be iognormally distributed, while the other analytes are normally

distributed

All analytes with more than 50% detectable concentrations are examined for homogeneity of
variances The null hypothesis is that variances from North and South Rocky Flats are homogeneous All
analytes, except Al, Pb, and U235, satisfy the assumption for MANOVA and ANOVA of homogeneity of

variances between North and South Rocky Flats

Because many of the statistical assumptions are satisfied, MANOVA is performed using analytes with
more than 50% detectable concentrations to test the null hypothesis of no overall difference in geochemistry
between North and South Rocky Flats Prior to computing the MANOVA, gross alpha, gross beta, Am241,
V, and Al were removed from the data set, because of missing data values, in order to increase the degrees
of freedom MANOVA results show no significant geochemical differences between North and South Rocky

Flats (p-value=0 5581)

Nonparametric (Kruskal-Wallis) and parametric ANOVA's are used for gross alpha, gross beta, Am241,
V, and Al since they could not be included in the MANOVA. The null hypothesis tested is one of no difference
in geochemistry between North and South Rocky Flats A nonparametric ANOVA Is performed for Al and
Am241, because Al does not meet the assumption of homogeneity of variances and Am241 does not meet
the normality assumptions A parametric ANOVA is calculated for gross alpha, gross beta, and V There

is no statistically significant geochemical difference between North and South Rocky Flats for each of these

five analytes
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Analytes with less than 50% detectable concentrations but over 10% detects, were analyzed using
Fisher's Exact Test, or a Chi-square test corrected for continuty The null hypothesis states that the
proportion of nondetects in North Rocky Flats is equal to the proportion of nondetects in South Rocky Flats
The tests show that there is no statistically significant difference in the proportion of nondetects between

North and South Rocky Flats for all analytes tested

Table 5-5 summarizes the statistical techniques, distributions, and results of the analyses for analytes
in sediment samples with more than 10% detectable concentrations and more than three detected samples
A probability value from the analysis is provided for reference Because all analytes show no statistical
difference between sites, sediments have statistically similar chemistry in North and South Rocky Flats, and

one tolerance interval, percent detects, or maximum value is calculated per anaiyte for the entire RFP

542 Tolerance Intervals

Statistical summary tables for sediments showing one tolerance interval, percent detects, or maximum
value for each analyte are presented in Tabies 5-57 through 5-59 and Appendix B. These results should be
used in future monitoring programs to compare sampling results from downstream sediment stations with

either a tolerance interval, a maximum value, or by using percent detects

55 BOREHOLE MATERIALS

551 Statistic

Borehole material samples were collected from Rocky Flats Alluvium, colluvium, weathered claystone
and weathered sandstone The chemical analyses are tested for significant differences between locations and
Ithological units, except for Am241, which was only analyzed in samples collected in North Rocky Flats within

Rocky Flats alluvium
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Analytes with over 50% detectable concentrations include Al, As, Ba, Be, Ca, Cr, Cu, Pb, Fe, LI, Mg,
Mn, Mo, Ni, V, Zn, pH, Cs137, gross alpha, gross beta, Pu239, Ra226, Ra228, Sr89/90, tritium, U233/234,
U235, and U238 Analytes with less than 50% detectable concentrations but greater than 10% detects are
Co, Hg, K, Ag, Sr, Sn, S and NO,/NO, The following elements have less than 10% detectable results Sb,
Cd, Cs, Se, Na, and Tl

The distributions of borehole material analytes with over 50% detectable concentrations are examined
for normality or lognormality The following analytes do not have a distinct normal or lognormal distribution
As, Ba, Be, Ca, Cu, Pb, Li, Mg, Mn, Mo, Ni, V, Zn, Ra226, Pu239, and pH Pu239, U235, and pH may have
a normal distribution, while the other analytes listed more closely resembie the lognormal distribution Al, Cr,
Fe, U233/234, and U238 are lognormally distributed and gross alpha, gross beta, Ra228, $r89/90, and tritium

are normally distributed

The null hypothesis of homogeneous variances in North and South Rocky Flats is tested within each
lithologic group for all analytes with over 50% detects For those analytes which do not have a normal or
lognormal distribution, the test may detect anormality instead of heterogeneity of varlances The resuits show
that all radionuclides with distinct distributions, either normal or lognormal, have homogeneous variances
between North and South Rocky Flats within each lithologic group However, the variances for Al, Cr, and

Fe are heterogeneous

Multivariate Analysis of Variance is not used on boreholes materials data because an inadequate

number of analytes meet the assumptions of normality, homogeneity of variances, and Independence

Nonparametric and parametric ANOVA's are performed for analytes with more than 50% detectable
concentrations The null hypotheses tested are of no difference in borehole geochemistry between North and
South Rocky Flats and no geochemical difference between each lithologic group A parametric ANOVA is
performed for gross alpha, gross beta, Ra228, Srg89/90, tritium, U233/234, and U238 All other analytes in

the grouping do not meet one or more of the assumptions for a parametric ANOVA, so a nonparametric
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ANOVA Is performed The resuits show that Ca, Cr, Cu, Pb, U, Mo, Ni, V, and Zn have statistically significant
geochemical differences between boreholes in North Rocky Flats and boreholes in South Rocky Flats A
statistically significant geochemical difference also exists among borehole lithologic groups for Al, Ba, Ca,
Cr, Cu, Pb, LI, Mg, Mo, Zn, pH, gross alpha, Pu239, Ra226, Ra228, trtium, U233/234, U235, and U238
Furthermore, muitiple comparison tests between lithologic groups completed for each analyte show a
statistically signdicant chemical difference between lithologic groups All analytes except Mg show a statistical
difference between Rocky Flats Alluvium and at least one other lithologic group In contrast, only a small
number of analytes differ between the other lithologies, colluvium, weathered sandstone, and weathered
claystone For example, Mg and Li show a statistical difference between weathered sandstone and colluvium,

and Cu shows a statistical difference between weathered claystone and weathered sandstone

Analytes with less than 50% detectable concentrations but greater than 10% detects were analyzed
using Fisher's Exact test and a Chi-square test The null hypotheses tested are, (1) that the proportion of
nondetects in North Rocky Flats equals the proportion of nondetects in South Rocky Flats, and (2) that the
proportion of nondetects in each lithologic group, Rocky Flats alluvium, colluvium, weathered sandstone, and
weathered claystone, is independent of the proportion of nondetects in the other lithologic groups Resuits
show that there i8 a statistically significant difference in the proportion of nondetects in North and South
Rocky Flats for Hg, Sr, Sn, and NO,/NO, Strontium also shows a statistically significant difference between

lithologles, Rocky Flats Alluvium has less detectable Sr than the other lithologic groups

Tables 5-6 through 5-7 summarize the statistical techniques, distributions, and results of the analyses
for all analytes with more than 10% detectable concentrations. A probability value from tests between
locations and lithologic groups is provided for reference Since most differences in borehole lithologic groups
occur between Rocky Flats Alluvium and the other lithologic groups, borehole materials in Rocky Flats
Alluvium are considered statistically different from colluvium, weathered claystone, and weathered sandstone
As a result, colluvium, weathered claystone, and weathered sandstone borehole materials are considered

chemically similar Borehole materials in North and South Rocky Flats are found to be different for Ca, Cr,
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Cu, Pb, Li, Mo, Ni, V, Zn, Hg, Sn, and NO,/NO, For the other analytes, borehole materials are statistically

similar between North and South Rocky Flats

5§52 Tolerance Intervals

One tolerance interval, percent detects, and maximum value is presented for each analyte for Rocky
Flats Alluvium, while one set of tolerance intervals, percent detects, or maximum concentrations is presented
for the combined group of colluvium, weathered sandstone, and weathered claystone These summary
statistics are also presented for both North and South Rocky Flats for the following analytes Ca, Cu, Pb, U,
Mo, Ni, V, An, Hg, Sn, and NO,/NO, Statistical summary tables showing tolerance intervals, percent detects,
or maximum values per analyte per grouping are presented in Tables 5-60 through 5-73 and Appendix B,
These resuits should be used in future monitoring programs to compare sampling results from non-

background boreholes with either a tolerance interval, a maximum value, or percent detects
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TABLE 59 COMPARISON OF TDS AND TSS BETWEEN STREAM CHANNEL AND SEEP SURFACE WATER STATIONS

Stream Channel Stations Seep Stations
STATION TDS (mg/i) TSS (mg/l) STATION TDS TSS
SW004 180 00 500 SW080 120 00 4200 00
SW004 220 00 27 00 SW080 310 00 25000 00
Swoso 390 00 16000 00
mean 200 00 16 00 SWo8o 210 00 670 00
SW080 190 00 180 00
SWo005 140 00 6 00 SW080 18 00 2000 00
SW005s 120 00 500 SW080 250 00 480 00
SW005 150 00 16 00
SW005 140 00 500 mean 212 87 6932 86
SW005s 150 00 6 00
SW005 150 00 11 00 SW104 290 00 340 00
SW005s 140 00 500 SW104 240 00 980 00
SW005 130 00 ND SW104 180 00 1000 00
SW104 180 00 3000 00
mean 140 00 7M1 SW104 72 00 2400 00
SW104 180 00 10 00
SWo006 140 00 26 00 SW104 180 00 8 00
SW006 150 00 36 00 SW104 190 00 500
SW006 170 00 15 00 SW104 160 00 500
SW006 150 00 100 00
SW006 150 00 100 00 mean 188 00 860 89
SWo006 170 00 12 00
SWo006 180 00 12 00 Sw108 220 00 500
SWo008 120 00 500 SW108 280 00 96 00
SW006 110 00 9 00 SW108 260 00 92 00
SWo006 100 00 10 00 SW108 310 00 41 00
SW006 200 00 18 00 SW108 460 00 2500 00
SW108 1100 00 5 00
mean 149 09 31 18
mean 438 33 456 50
SW007 200 00 19 00
SWo0Q7 180 00 32 00
SW007 170 00 22 00
mean 183 33 24 33
SW041 200 00 92 00
SW041 190 00 90 00
SW041 120 00 150 00
SWo041 270 00 130 00
SW041 160 00 500
mean 188 00 93 40
SW107 140 00 7 00
SW107 160 00 500
SW107 110 00 400 00
SW107 92 00 8 00
SW107 58 00 18 00
mean 112 00 87 60
TDS TSS TDS TSS
Group Mean 153 24 42 64 264 09 2682 59

ND = No data for that sample
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APPENDIX A

FIELD AND
ANALYTICAL DATA

Final Bachground G ical Ch rization Report Decomber 21 1990
Rocky Flass Plart, Geiden, Colorada
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